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Reports 


TRITIUM IN SURFACE WATERS, 1964-1965 


M. W. Chesnutt, J. C. Drobinski, Jr., and R. H. Gorrie* 


SYNOPSIS—Concentrations of tritium in U.S. surface waters are re- 
ported for the period of May 1964 through December 1965. This is the 
initial report of a continuing surveillance program. The results show 
some differences in tritium concentrations in water samples from various 





parts of the country and as a function of time. The highest level observed 
(20.8 nCi/liter) is well below the occupational exposure guide (30 uCi/ 
liter) and the bg ny level requiring active surveillance (100 nCi/ 


liter), calcula 
Council. 


Tritium occurs naturally in the environment 
as a product of cosmic ray bombardment of 
the upper atmosphere (1-4). Man has intro- 
duced tritium into the environment as a 
product of nuclear fusion (5), tritium 
manufacturing plants, and as a product of 
ternary fission in reactors (6, 7). Due to the 
relatively long half-life (12.26 years) of trit- 
ium and its potential radiological health im- 
plications, the Division of Radiological Health, 
Public Health Service, has established a modest 
surveillance program to determine concentra- 
tions of tritium in selected surface waters. This 
report presents the initial data from this pro- 
gram. 

From the occupational exposure guide of 
30 »Ci/liter (8, 9) and using general guidance 
from the Federal Radiation Council (10-12), 
the concentration of tritium in water which 
requires active surveillance can be calculated 
to be 100 nCi liter. 


1 Mrs. Chesnutt (through June 1965) and Miss Gorrie 
are staff members of the Southeastern Radiological 
Health Laboratory, Division of Radiological Health, 
Box 61, Montgomery, Alabama. Mr. Drobinski is chief 
Carbon-Tritium Section, Northeastern Radiological 
Health Laboratory, Division of Radiological Health, 109 
Holton Street, Winchester, Massachusetts. 
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from the general guidance of the Federal Radiation 


PRELIMINARY STUDIES 


During 1963, a preliminary study was con- 
ducted to determine the levels of tritium in 
raw and treated waters collected through the 
Water Pollution Surveillance Program of the 
Division of Water Supply and Pollution Con- 
trol? and by the Institutional Total Diet 
Sampling Program of the Division of Radio- 
logical Health. Tritium levels were determined 
in additional samples collected upstream and 
downstream from the Atomic Energy Commis- 
sion Savannah River Plant (13). Observed 
tritium concentrations in surface waters varied 
from less than detectable to 12 nCi/liter. 


PRESENT PROGRAM 
Sampling stations 
Based on the preliminary findings and 
reports from other studies, a surveillance pro- 
gram was established in May 1964 to monitor 
tritium concentrations in major river systems 


in the contiguous United States. Ten stations 
were selected from existing water pollution 





2In January 1966, this program was designated as 
the Basic Data Branch, Federal Water Pollution Con- 
trol Administration, Department of the Interior. 
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surveillance sampling stations in order to ob- 
tain coverage of major river basins. Eight of 
these stations are located downstream from 
nuclear facilities. Two stations serve to estab- 
lish baseline levels (figure 1). 


Analytical methods 


Thirty-milliliter aliquots,* or greater, from 
1-liter monthly composites of weekly samples 
collected from the water pollution surveillance 
stations are shipped to the Northeastern Radio- 
logical Health Laboratory (NERHL) or 
Southeastern Radiological Health Laboratory 
(SERHL) for analysis. 

Both the NERHL and SERHL process 
samples in the liquid form using various 
adaptations of liquid scintillation counting 
techniques, and NERHL utilizes electrolysis 
cells to enrich the water in tritium. 

At the NERHL, a sample is distilled to dry- 
ness from a slightly alkaline potassium per- 
manganate solution. An aliquot of the distillate 
is concentrated approximately 25-fold by elec- 
trolysis (14). An aliquot of this enriched water 
is mixed with a scintillation mixture of p— 
dioxane, dimethoxyethane, naphthalene, 2, 5- 


3 NERHL received 500-ml portions. 











diphenyloxazole, POP, (scintillation grade) 
and 1, 4—bis—2—(5—phenyloxazolyl)—benzene, 
POPOP, (scintillation grade) and counted in a 
liquid scintillation counter. The minimum level 
of detectability is approximately 0.1 nCi 
tritium/liter for a 100-minute count. 

At the SERHL, a sample is distilled to dry- 
ness and an aliquot of the distillate is mixed 
with a scintillation mixture of p—dioxane, 
naphthalene, 2, 5—diphenyloxazole (scintillation 
grade) and 1, 4~—bis—2—(5-phenyloxazolyl)- 
benzene (scintillation grade). The sample is 
then counted in a liquid scintillation counter 
(15). The minimum level of detectability is 
approximately 1.2 nCi tritium/liter for a 240- 
minute count. 

The sensitivity of these methods is con- 
sidered adequate for environmental surveil- 
lance purposes in relation to the calculated 
guidance level. 


Results and discussion 


Results of the analyses of the 1964 and 1965 
surveillance program water samples are 
presented in table 1. The samples from Georgia, 
Tennessee, Ohio, and Pasco, Washington, were 
analyzed at the SERHL and samples from 





Columbia River 
Northport, Wash. 
(Baseline) 














Columbia River jj 
Pasco, Wash. 


Colorado River 
Boulder City, Nev. 


Rio Grande 


El Paso, Tex. 5 
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Hudson River 
Poughkeepsie, N.Y. 
Big Sioux River 
Sioux Falls, $.D. 
Ohio River 
Toronto, Ohio 








Clinch River 


1" Kingston, Tenn. 


Savannoh River 
Port Wentworth, Ga. 


Mississippi River 
New Orleans, Lo. 
(Baseline) 








Figure 1. Sampling stations for the Tritium Surveillance Program 
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Table 1. 


Tritium in surface waters from 10 sampling locations in the United States 




















Tritium concentrations, nCi/liter * 

Cc it Big Sioux Clinch Colorado Columb Columbi Hudson Mississippi Savannah 

odlinelien ¢ date River: River: River: River: River: River: iver: Ohio River: | Rio Grande: River 

Sioux Falls | Kingston Boulder Northport Pasco Pough- New Toronto El Paso Port 
South ennessee City Washing- | Washingt psi Orleans Ohio Texas Wentworth 

Dakota Nevada ton ¢ New York | Louisiana ¢ Georgia 

1964 ‘ 
RT ERE ee 4.0+40.4 3.742.1 1.7+0.8 1.9+0.7 2.9+2.1 2.2+1.1 2.342.0 |} 4.342.2 1.942.1 4.142.1 
ela oak all 2.6+40.7 3.2+2.1 1.2+0.9 2.2+41.1 1.4+2.0 3.141,2 2.342.0 |) 4.4+42.1 3.742.1 20.342.4 
RS ae 3.640.9 | 2.842.2 1.340,5 | 3.640.7 | 5.240.2 NS | 3.4+2.1 2.842.1 3.8+2.1 8.142.2 
| PR 2.6+0.6 |>2.0+2.0 | >0.520.9 | 5.840.8 | 2.342.0 5.0+40.9 | 50.841.9 | >1.442.1 2.742.0 6.942.1 
September. ___-- ----- 2.540.6 | 2.941.9] 0.640.4| 4.040.6 | 6.041.9 | 3.340.9 |>0.941.9 | 3.841.9 |°0.8+41.8 6:841.9 
an wes aul 1.340.5 6.7+1.9 1.2+0.7 3.6+0.3 3.941.9 | 3.740.5 |>1.842.0 | 2.441.9 |>1.141.8 9.0+2.0 
November. .--.....--- 1.0+0.3 4.341.8 1.240.4 3.420.5 4.341.8 | 3.240.4 |>0.741.6 4.041.8 | >0.841.7 4.341.8 
December... -...---- 6042.8 |>1.2+1.7 1.0+0.4 2.6+0.5 3.141.8 | 3.0+0.2 | °0.741.6 1.841.7 |>1.0+41.7 3.141.8 
19665 

IN aie ened bee 1.440.5 1.9+1.7 1.4+0.6 6043.9 | 7.541.8 1.640.4 | >1.641.8 | 51.741.8 | 2.641.7 4.341.8 
February --..-------- b’0+3.6 2.0+0.9 6043.6 | >2.643.6 2.540.8 | >1.143.6 1.230.9 | 2.440.9 |>0.440.9 5.140.9 
SRST: 6043.9 | 6.541.8 6043.9 |50.143.9 | 5.141.7 6043.9 | 3.641.7 | 3.241.8 | 2.841.7 9.541.8 
Edi x, dnauitniitie ead b62.743.8 | 3.041.8 6043.4 |>2.643.6 | 5.041.8 |53.343.4 | 5.041.8| 4.142.0|] 2.941.8 8.341.8 
coca bid >60.8+43.9 NS | >2.543.6 |52.943.6 | 3.342.4 | >1.7243.4 3.642.4 3.642.4 |>1.042.4 9.142.5 
RSIS Tax 1.841.1 2.441.3 | >2.343.0 1.2420.9 | 3.0+1.3 |>2.643.0 1.641.3 | >3.041.3 | >1.241.2 4.841.3 
SRS aS >0.8+4+1.4 2.7+1.1 1.5+41.4 4.641.4 | 3.341.0 | 3.6+41.4 | >0.8+41.0 NS | >0.5+1.0 10.841.2 
CL cnbcanseotnis 60.441.3 |>1.041.4 | >0.741.9 2.541.4 |50.341.3 | 3.041.4 | >0.541.5 1.741.4 2.441.4 6.741.1 
September ----- ---. -- 4.741.5 5.741.5 4.141.5 7.941.5 4.041.5 3.8241.5 2.341.5 8.141.5 4.241.5 9.641.5 
TA 2.041.5 1.941.6 | 3.0+1.6 1.941.5 | 3.141.5 | 3.041.6 | >0.941.5 1.641.5 |>1.241.2 17,141.7 
November. -...-.--- b6O.742.2 | >0.741.7 2.741.8 | 3.041.6 | >1.441.8 | 50.941.9 | >0.542.0 | >0.841.8 >0+2.0 12.2+2.0 
December... ......-- 3.042.1 |>1.441.7 2.342.0 |>1.442.6 | 6.142.1 3.241.9 | >0.542.1 2.0+2.2 0+2.0 14.042.2 



































*® The error reported is the counting error at 95 percent confidence level. 


> Values are not statistically significant at 95 percent confidence level. 
¢ Baseline station. 
NS, no sample 


Nevada, New York, South Dakota, and North- 
port, Washington, were analyzed at the 
NERHL during May 1964—June 1965. From 
July to December 1965, all samples were 
analyzed at the SERHL. For quality control 
purposes, aliquots of the monthly samples 
collected during the period of May 1964—June 
1965 from El Paso, Texas, and New Orleans, 
Louisiana, were analyzed by both laboratories. 

Differences in tritium content among the 
sampling stations were anticipated, based on 
previously reported geographical and meteoro- 
logical variations in natural tritium levels 
(4). These differences are shown in figure 2. 
The highest concentration observed for 1 
month was 20.3 nCi/liter, which is well below 
the occupational exposure guide (30 »Ci/liter) 
and the guidance level requiring active surveil- 
lance (100 nCi/liter), calculated from the gen- 
eral guidance of the Federal Radiation Council. 
Although the concentrations observed at the 
stations vary significantly, there is no indica- 
tion that the water from stations downstream 
from nuclear facilities, with the single excep- 
tion of Port Wentworth, Georgia, has higher 
levels of tritium than those observed at base- 
line stations. 
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Although the results of this program indicate 
that, at the present time, tritium levels in the 
environment do not suggest immediate public 
health implications, the Public Health Service 
is maintaining surveillance on a modest scale 
with provisions for an increased program if 
the need arises. 
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Figure 2. Tritium in surface waters from 10 U.S. sampling locations, 1964-1965 
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STRONTIUM-90 IN 1965 UNITED STATES WHEAT 


R. A. Anderson and V. F. Pfeifer? 


SYNOPSIS—In continuing surveys of strontium-90 levels in wheat, 
USDA studies indicate the U.S. weighted average concentration to be 
95 pCi/kg, which compares well with the Federal Radiation Council’s 
prediction for 1965 (88 pCi/kg). The 1965 average also confirms the 
predicted continuing downward trend seen in 1963 and 1964 averages— 
220 and 133 pCi/kg, respectively. Samples used to develop the 1965 
average represented 52 percent of the U.S. wheat production and indi- 
vidual strontium-90 concentrations ranged from a low of 31 pCi/kg, in 
a soft white winter wheat from Washington, to a high of 174 pCi/kg in 
hard red winter wheat from Kansas. It was noted that the 1965 trends 
of high and low concentrations were similar to those of 1964. 


As part of studies on methods for reducing 
the strontium-90 content of wheat and milled 
products the USDA’s Northern Regional Re- 
search Laboratory is continuing to survey 
strontium-—90 levels in U.S. wheats from major 
producing areas. Strontium-90 levels reported 
for the 1963 and 1964 crops averaged 220 and 
133 pCi/kg (dry basis) for the two respective 
crop years (1, 2). 

In general, samples from the 1965 harvest 
were representative mixes of varieties grown 
in 14 different locations in seven wheat- 
producing States. These areas represent about 
52 percent of the total of 1965 wheat produc- 
tion (%). The analytical procedures used have 
been described previously (2). 

The results listed in table 1 show lowest 
levels of strontium-90 in wheat from Washing- 
ton and North Dakota, and the highest from 
Kansas and Nebraska. Individual values range 
from a low of 31 pCi/kg (dry basis) for soft 





1Mr. Anderson and Mr. Pfeifer are chemical engi- 
neers at the Northern Utilization Research and De- 
velopment Division, Agricultural Research Service, 
U.S. Department of Agriculture, located at Peoria, 
Illinois 61604. 
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white winter wheat grown in Washington, to 
a high of 174 for a hard red winter wheat mix 
grown on dry land in Garden City, Kansas. In 
1964, the high and low levels of strontium—90 
occurred in wheat from these same areas. 
Furthermore, Ottawa variety of hard red 
winter wheat had the highest strontium—90 
content in 1964, 380 pCi/kg (dry basis); and 
this high level continued in 1965; a sample of 
Ottawa wheat harvested in Douglas County, 
Kansas had strontium—90 content of 166 pCi/ 
kg. 

Although sampling in 1965 was not quite so 
complete as in 1964 with respect to areas 
covered, it is believed that it is adequate to 
permit a reasonable estimate to be made of 
average strontium-90 content in 1965 wheats. 
If State averages are estimated by averaging 
the corresponding local values (table 1), and if 
each State average is weighted according to the 
ratio of 1965 wheat production in that State 
to the total 1965 crop, the U.S. average is 95 
pCi/kg (dry basis). This estimate compares 
well with the Federal Radiation Council’s 
predicted average value of 88 pCi/kg (dry 
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Table 1. Analyses of U.S. wheats harvested in 1965 * 











Wheat Grown in vicinity of Number of | Nitrogen Ash Calcium | Strontium-90 
class samples | (percent) | (percent) | (percent) (pCi/kg) 
Oe eS ans nen nedncticcieuonen 1 2.35 2.08 .054 84 
HRW Douglas I, MR ncudinoebenene 1 2.80 2.00 .058 166 
HRW oc sukbepecksccoces f Mix 2.44 1.94 .056 133 
HRW Manhattan, ~ PRASAD ROE 12 2.65 1.60 .044 82 
HRW Garden City, Kans. (Dry land) - ------ Mix 3.01 2.16 .058 174 
HRW Garden City, Kans. (Irrigated) - - --.-- Mix 2.97 2.17 .055 158 
HRW SLES be ES 13 2.54 1.72 .049 157 
HRW anon ink endee ene saa Mix 1.92 1.85 .052 95 
HRW NS I it, i a a daonmh ape ae Mix 2.63 2.04 .064 147 
HRS « Carrington, EG debebeccctsbbece Mix 2.99 1.85 .033 53 
HRS Re nn crcibewalnen cutee Sel Mix 2.63 1.90 .036 52 
SRW 4 Huntington, ESE ea PAE 2 2.17 1.88 047 98 
SWWe reckenridge, Mich--........-.-.---- 1 2.17 1.49 042 82 
SWW TE, a ccnee cosaasoeese 6 1.29 1.38 048 31 
SWW en i detenewndtabube™ 1 2.31 1.87 038 67 























* Calculated on a dry basis where the wheat moisture contents varied from 9.4 to 12.7 percent. 


b HRW indicates a hard red winter wheat. 
¢ HRS indicates a hard red spring wheat. 
4 SRW indicates a soft red winter wheat. 
¢ SWW indicates a soft white winter wheat. 


{ Representative mixture of an undisclosed number of different wheat varieties grown in immediate area. 


basis) for 1965 U.S. wheat and confirms its 
prediction of a continuing downward trend in 
strontium-90 levels in wheat (4). 
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STRONTIUM-90 IN HUMAN BONE FROM INFANCY TO ADULTHOOD 


1962-1963 


George W. Gaffney,’ Robert M. Hallisey, Marshall S. Miller, 
and Edmond J. Baratta * 


SYNOPSIS—Strontium-90 accumulation in the bones of children and 
adults through age 25 is analyzed by comparing the strontium-90 to 
calcium ratios found in specimens from selected age groups during the 
1962-1963 portion of a continuing program. The highest mean strontium— 
90 to calcium ratios were found in the 1- to 4-year olds, with the 1962 
peak in the 1-year olds (4.5 pCi/g) and the 1963 peak in the 2-year olds 
(5.6 pCi/g). It is pointed out that the mean values for the group under 
1 year of age were relatively low (2.6 pCi/g in 1962; 1.8 pCi/g in 1963), 
but were obtained from a small number of samples. Average strontium-— 
90 to calcium ratios in bone of older groups declined with increasing age 
and were least in the 20- to 25-year-age group. The data for each age 
group, although limited, appear to follow a log normal distribution, and 
it is suggested that this distribution is more suitable than a normal dis- 
tribution as a basis for calculating the proportion of a population group 








in which a given body burden is unlikely to be exceeded. 


The Public Health Service’s Division of 
Radiological Health and cooperating institu- 
tions continue to gain information on the 
accumulation of selected radionuclides in people 
based on direct measurements in human organs 
and tissues (1). A previous report included 
results from the strontium-90 in human bone 
program through June 1964; it analyzed the 
data available at that time from 322 individuals 
who died in 1962 or 1963 (2). Subsequently, 
the results of 117 specimens and replicate meas- 
urements of previous samples were reported 
(3, 4). This report is an analysis of the infor- 
mation on a total of 439 individuals who died in 





1 Dr. Gaffney is chief, and Dr. Miller is staff officer, 
Radiological Health Activities, Baltimore City Hos- 
pitals. Baltimore, Maryland 21224. 

2 Mr. Hallisey is project officer of the Human Bone 
Network, and Mr. Baratta is director of Analytical 
Services, Northeastern Radiological Health Labora- 
bo 109 Holton Street, Winchester, Massachusetts 
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1962 and 1963 at an age of not more than 
25 years. 


Materials and methods 


The program employs sampling procedures 
designed to exclude bone samples from individ- 
uals manifesting certain nutritional deficiencies 
or disorders of calcium metabolism. Laboratory 
procedures have been described in a previous 
report (5). 


Results 


The data on strontium-90 to calcium ratios 
are summarized in l-year-age groups for ages 
through 4 years, and in four age ranges for 
specimens between 5 and 25 years of age at 
death. The number of individuals in each age 
category, the median and mean strontium-90 
to calcium ratios in bone, and the standard 
error of the mean for each age group are shown 
in table 1. 





Table 1. 





Strontium-90/calcium ratios in human bone samples from selected deaths in 


the United States in 1962-1963 












































1962 1963 _ 
Ratios, pCi/g Ratios, pCi/g 
Age group 
years) 
Number Median Mean S.E.* Number Median Mean S.E.* 
of samples of samples 

De artntwenenaed 15 1.9 2.6 0.46 5 1.3 1.8 0.45 
_ REE BRS q 3.7 4.5 0.90 4 4.2 4.7 1.09 
A aie aainensanan 11 2.9 3.9 0.58 g 5.2 5 6 0.95 
Deddetetnaredoee 5 3.2 3.1 0.33 11 4.8 5.3 0.70 
Dik beneeeedne as 10 2.5 2.6 0.24 15 3.9 4.1 0.41 
Le oe 25 3.2 3.9 0.42 24 4.8 5.3 0.51 
 _ See eae a 35 3.0 3.6 0.32 39 4.1 4.8 0.38 
i sonbewesces 33 2.3 2.7 0.32 43 3.7 3.9 0.22 
TSG 28 2.0 2.1 0.18 47 2.6 2.9 0.20 
eae 31 2.0 2.2 0.15 73 2.5 2.6 0.11 

Sees 29 1.8 1.8 0.13 61 2.1 2.2 0.10 
. ae 171 268 

* One standard error of the mean. 

Data in figure 1 and table 1 suggest that a 


“peak” value for strontium-90 to calcium in 
the bone samples from deaths in 1963 probably 
occurred in the 2-year-age group. The mean 
value for this group was 5.6 pCi/g, which may 
be compared with 1.8 for the <l-year group 
and 2.2 for the 20- to 25-year group. The 
“peak” mean strontium—90 to calcium for bone 
from 1962 deaths (4.5 pCi/g) occurred in the 
l-year-old group; the corresponding value in 
the 2-year-old group was 3.9 pCi/g. The num- 
ber of samples in each of the 12-month cate- 
gories was small, however, and the “peaks” for 
both 1962 and 1963 may actually have spanned 
more than 1 year of age. The latter view 
appears consistent with the observation from 
table 2 that the 1962 mean and median stron- 
tium-90 to calcium ratios are similar for the 
1-, 2-, and 3-year-old groups, and somewhat 
less for the 4-year-old group. For children in 


Table 2. Ratio of strontium-90 to calcium in bone for 
various age groups to the strontium-90 to calcium in bone 
for the age group 20 to 25 years 











Ratio, 1962 Ratio, 1963 
Age group 2 
(years) 

From From From From 

median mean median mean 
WEE i tianine ni <anbiine 1.0 1.5 0.6 0.8 
SAS: 5 SIRS ats ea 2.1 2.5 2.0 2.1 
) EE OR Ls FE ee eee 1.6 2.2 2.5 2.6 
Ddigtids ckbidline sede vee 1.8 Bi 2.3 2.4 
RE ee er ee 1.4 1.4 1.9 1.9 
Mi iwethdghocndac ge 1.7 2.0 2.0 2.2 
eS bi dalib catinddee ds 1.3 1.5 1.9 1.8 
itech endacGne 1.1 1.2 1.2 1.3 
BS sn kkSdbuawctee sé 1.2 Fe 1.2 1.2 
LEGS Si wincmhews ao 1.0 1.0 1.0 1.0 
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Figure 1. Mean strontium-90 to caicium ratios in 
samples of human bone from individuals who died in 
the United States in 1962 and 1963 


the 1- to 4-year-age range in 1962, the stron- 
tium-90 to calcium ratio was 1.7 to 2.0 times 
that observed in the adult group. A similar re- 
lationship was observed in the strontium—90 to 
calcium ratios for 1963, except that the changes 
with age were more gradual. For 1963 the 
greatest mean and median strontium-90 to 
calcium ratios occur in the 2-year-old group. 
The average strontium—90 to calcium ratio for 
the l-year through the 5- to 9-year-old groups 
was about twice that found in the 20- to 25- 
year-old group. The observations seem consist- 
ent with the contention that the “peak” 
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strontium-90 to calcium in bone will gradually 
move through increasingly older age groups up 
to adulthood provided that the strontium—90 to 
calcium ratio in the diet remains constant or 
decreases from concentrations existing in 1963. 

Attention was called to the skewness in the 
distribution of strontium—90 to calcium in bone, 
which was skewed due to a relatively small 
number of high values (2). It was further 
shown that the plotting on log probability 
paper of strontium-90 to calcium in bone for 
each age group in 1963 data (table 1) produced 
a straight-line fit, characteristic of a log normal 
distribution (figure 2). To the extent that the 
bone sampling reflects the distribution of 
strontium-90 in population groups, the number 
of individuals whose body burdens might 
exceed a given value might thus be under- 
estimated if a normal distribution is assumed. 
As a basis for the calculation of the proportion 
of a population group in which a given burden 
is unlikely to be exceeded, assumption of a log 
normal distribution appears preferable to that 
of a normal distribution. All of the strontium-— 
90 to calcium data for deaths in 1963 only were 
used in figure 2. 
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Figure 2. Log-probability plots of strontium-90 to cal- 
cium ratios in samples of human bone from individ- 
uals who died in the United States in 1963 


In table 3, the 95th or 98th percentile value 
for strontium-90 to calcium in bone for each 
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Table 3. Comparison of the 95th and 98th percentile 

strontium-90 to calcium values with the median (50th 

percentile) in bone from various selected ages at death in 
the United States in 1963 





| 
Age group Median value Ratio of the Ratio of the 
(years) strontium-90/ 95-percent to 98-percent to 
calcium (pCi/g) | median value median value 








= ee 4.3 2.1 2.6 
oe ee 3.6 1.9 2.2 
> ee 2.7 2.0 2.4 
ag ere 2.5 1.7 2.0 
ok ee 2.1 1.7 2.0 
PR a Se detvsuns *3.3 1.9 2.3 











* Average of four groups 


age group for 1963 was divided by the median 
(50th percentile value) for the group. Such 
ratios and the 50th percentile values may be 
used to calculate the strontium-90 to calcium 
values in bone for a specified percentage of 
individuals in a population group. For example, 
for 1963 and for individuals in the 1- to 19- 
year-age group at or above the 95th percentile, 
the strontium—90 to calcium may be calculated 
to be >3.3 x 1.9; 1.e., 6.3 pCi/g or more. 


Discussion 


The results given in table 1 and figure 1 
suggest that the bone burden of strontium-—90 
in the age group less than 1 year may be sub- 
stantially less than the bone burden for age 
groups 1-4, 5-9, 10-14, and 15-19 in a decreasing 
order, for both 1962 and 1963. The <1l-year 
group did not include specimens from still- 
births. It is postulated, however, that the stron- 
tium-90 to calcium in stillbirth specimens 
would be substantially lower than that of 
specimens in the 1-4-year group and, hence, 
data on stillbirth specimens, which may be 
collected with relative ease, must be interpreted 
with extreme care if used to predict bone 
burdens of strontium—90 in children. 

Assuming a linear proportionality of 1 nCi 
strontium-90/g bone calcium being equivalent 
to a yearly dose of 0.9 rads (6), then the maxi- 
mum dose for 98 percent of the individuals in 
the age group of 1 to 4 years would be (from 
table 3) 4.3x2.6x0.9, or 10 millirads per 
year, as compared to the Radiation Protection 
Guide (6) of 170 millirads/year. 


Summary 


The bone samples, which totaled 171 for 
1962 and 268 for 1963, were arranged into six 
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major and four minor age categories from less 
than 1 year to the adult group of 20 to 25 
years of age. 

In a rather limited number of samples avail- 
able in the 12-month categories less than 5 
years of age, the mean strontium—90 to calcium 
ratio was highest in the l-year group in 1962 
(4.5 pCi/g) and in the 2-year group in 1963 
(5.5 pCi/g). 

The average strontium—90 to calcium in bone 
of older groups decreased progressively (slope 
decreasing with increasing age) and was least 
in the adults of the 20- to 25-year group (1.9 
pCi/g in 1962 and 2.2 pCi/g in 1963). The 
mean strontium-90 to calcium for the small 
number of samples in the youngest age group 
(<1 year) was only 2.4 pCi/g for 1962 and 
1.8 pCi/g for 1963. 

The data definitely suggest that interest in 
strontium—90 in human bone, for 1962 and 1963 
at least, should be directed to the 1- to 4-year- 
age group. It is emphasized that the low values 
in the <l-year group, when combined with the 
1- to 4-year-old group, may result in under- 
estimating burdens in the latter range. 

The data, although limited, appear to be 
characteristic of a log normal distribution in 
each age group. To the extent that the bone 
sampling reflects the distribution of strontium— 
90 in population groups, the number of 
individuals whose body burden might exceed a 
given value might thus be underestimated if a 
normal distribution is assumed. As a basis for 
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the calculation of the proportion of a popu- 
lation group in which a given burden is unlikely 
to be exceeded, the assumption of log normal 
distribution appears preferable to that of a 
normal distribution. 
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Section I. 


In the determination of the internal exposure 
to man from environmental radiation sources, 
primary interest centers on radionuclides in 
the diet. Efforts are being made by both 
Federal and State agencies to monitor the 
intake of various radionuclides in the total diet 
on a continuing basis. Although the total diet 
is the most direct measure of intake of radio- 
nuclides, indicator foods may be used to 
estimate dietary intake where specific dietary 
data are not available. As fresh milk is con- 
sumed by a large segment of the United States 
population and contains most of the biologically 
significant radionuclides from nuclear test 
debris which appear in the diet, it is the single 
food item most often used as an indicator of 
the population’s intake of radionuclides. More- 
over, it is the major source of dietary intake of 
shortlived radionuclides. In the absence of 
specific dietary information, it is possible to 
approximate the total daily dietary intake of 
selected radionucides as being equivalent to 
the intake represented by the consumption of 1 
liter of milk. More direct estimates of dietary 
intake of radionuclides than those furnished 
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Data 


Milk and Food 


by indicator foods can be obtained by analyses 
of the total diet or representative principal 
food items or groups combined with appropriate 
consumption data. 

The Federal Radiation Council has developed 
Radiation Protection Guides (RPG’s) for 
controlling normal peacetime operations, 
assuming continuous exposure from intake by 
the population at large (1-3). The RPG’s do 
not and cannot establish a line which is safe on 
one side and unsafe on the other; they do pro- 
vide an indication of when there is a need to 
initiate careful evaluation of exposure (2). 
Additional guidelines are provided by FRC 
Protective Action Guides (4) and the Inter- 
national Commission on Radiological Protec- 
tion (5, 6). 

Data from selected National, International, 
and State milk and food surveillance activities 
are presented herein. An effort has been made 
to present a cross section of routine sampling 
programs which may be considered of a con- 
tinuing nature. Routine milk sampling has been 
defined as one or more samples collected per 
month. 
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NATIONAL AND INTERNATIONAL MILK SURVEILLANCE 


As part of continuing efforts to assess man’s 
exposure to radionuclides, various National and 
International organizations routinely monitor 


Program 
Radiostrontium in Milk, HASL 
United Kingdom Milk 


July—December 1965 
1962-1965 


radionuclide levels in milk. In addition to those 
programs reported below, Radiological Health 
Data and Reports coverage includes: 

Period reported Last presented 
June 1966 
June 1966 











1. Pasteurized Milk Network 
March 1966 


Division of Radiological Health and 
Division of Environmental Engineering and 
Food Protection, PHS 


The Public Health Service’s Pasteurized Milk 
Network (PMN), was designated to provide 


nationwide surveillance of radionuclide con-— 


centrations in milk through sampling of major 
milk production and consumption areas. The 
present network of 63 sampling stations (figure 
1) provides data on milk in every State. In 
addition, milk is sampled in the Canal Zone 
and Puerto Rico. The most recent description 
of the sampling and analytical procedures em- 
ployed by the PMN appeared in the December 
1965 Radiological Health Data (1). 
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Figure 1. Pasteurized Milk Network sampling locations 
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Table 1. 


milk for the first quarter and March 1966 * 


Average concentrations of stable elements and radionuclides in pasteurized 





Sampling location 








PT cendens 
Phoenix. - _- 
DE dias cckdadbenkoun 
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Laramie 



































Calcium Strontium-90 Cesium-137 
(g/liter) (pCi/liter) (pCi/liter) 

First March First March First March 

quarter 1966 quarter 1966 quarter 1966 

1966 1966 1966 
1.17 1.11 12 13 25 20 
1.24 1.22 14 14 40 35 
1.23 1.20 4 4 15 10 
1.17 1.14 26 30 40 35 
1.26 1,22 6 6 15 20 
1.24 1.24 7 8 20 20 
1.12 1.12 4 5 25 20 
1.25 1.20 11 10 25 30 
1.14 1.15 11 1l 40 40 
1.18 1.16 13 13 40 40 
1.15 1.14 12 12 30 25 
1.17 1.16 11 10 105 100 
1.15 1.15 19 21 40 45 
1.17 1.17 5 5 35 30 
1.25 1.22 13 14 40 45 
1,12 1.11 1l ll 35 40 
1.18 1.16 12 ll 30 30 
1.24 1.23 14 13 30 40 
1.26 1.21 13 13 20 20 
1.16 1.14 16 18 25 20 
1.21 1.19 29 30 40 40 
1.15 1.14 15 16 65 70 
1.15 1.15 13 13 30 30 
1.16 1.16 14 13 60 60 
1.14 1.15 11 12 35 35 
1.19 1.17 14 14 45 45 
1.24 1.23 20 21 40 35 
1.24 1.21 23 26 25 25 
1.22 1.19 15 15 20 20 
1.21 1.23 15 15 30 35 
1.25 1.20 15 16 60 60 
1.24 1.23 15 15 25 30 
1.23 1.19 7 5 20 20 
1.17 1,16 18 18 75 75 
1.15 1.13 12 11 40 35 
1.24 1.20 6 6 15 15 
1.12 1,10 10 12 40 40 
1.11 1.11 13 13 45 45 
1.13 1.13 10 ll 40 40 
1.17 1.12 20 21 30 30 
1,24 1.21 31 32 45 40 
1.16 1.16 12 | 11 25 30 
1.16 1.14 13 14 35 35 
1.15 1.14 13 14 25 25 
1,24 1.19 12 1l 35 30 
1.15 1.14 12 12 35 35 
1.17 1.16 17 17 45 45 
1.12 1.10 8 9 25 20 
1.15 1.14 12 12 45 45 
1.19 es 23 23 45 40 
1.15 1.21 19 21 45 45 
1.21 1,23 21 22 25 25 
1.19 1.20 17 17 15 10 
1.15 1.13 6 6 15 10 
1.18 1.16 14 14 20 20 
1.31 | 1.26 13 13 40 40 
1.15 1.13 14 13 55 55 
1.16 1.14 16 16 25 25 
1.24 1.21 15 15 40 45 
1.32 1.33 15 16 40 50 
1.15 1.16 14 15 25 20 
1.20 1.19 ll ll 40 40 
1.21 1.21 14 ll 30 25 
1.19 1.17 13.8 14.1 35 35 





* Strontium-89 concentrations were all less than detectable level of 5 pCi/liter. 








Table 2. Frequency distribution, strontium-90 concentra- 
tions in milk at Pasteurized Milk Network stations, March 
1966 and October 1965-March 1966 


Table 3. Frecuency distribution, cesium-137 concentrations 


in milk at Pasteurized Milk Network stations, March 
1966 and October 1965-March 1966 




















Number of stations 
Strontium-90 mu ws 
(pCi/liter) 1965 1966 
Mar | Oct | Nov | Dec | Jan Feb | Mar 
Under 10........... 5 & 9 ) 10 9 | 9 
Ss .inenans ceeee 29 46 43 43 46 46 44 
PM casaseseeeee~ 21 7 a 11 6 7 7 
ee 6 2 2 0 1 1 3 
MEP nestncsaceres« 1 0 0 0 0 0 0 
ees 1 0 0 0 0 0 0 

















The monthly averages for March 1966 and 
the first quarter averages for 1966 are pre- 
sented in table 1. The average monthly radio- 
nuclide concentrations are based on results 
obtained from samples collected weekly. If 
radionuclide values are below minimum de- 
tectable concentrations (1), averages are 
calculated using one-half the minimum detect- 
able value. 
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Cesium-137 
(pCi/liter) 1965 1966 
5 vee 7 
| Mar | Oct Nov Dec Jan Feb| Mar 
--—————- |_| | ——|—__|___|—-—— 
Under 50........... 9 54 | 657 51 57 56 56 
SS SRC | By 8 | 5 11 5 | 6 | 6 
 - er 16 | 0 1 | 1 1 1 1 
aiciccaid canes 2 | 1 0 | 0 0 0 0 
| | 





For comparative purposes, distributions of 
strontium-90 and cesium-137 are presented in 
tables 2 and 3 for March 1965 and October 1965 
through March 1966. The average strontium- 
90 concentrations in pasteurized milk from 
selected cities are presented in figure 2. During 
March 1966, the monthly average iodine-131 
and barium-140 concentrations in milk were 
less than 10 pCi/liter. 








Figure 2. Strontium-90 concentrations in pasteurized milk, 1961—March 1966 
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| 2. Canadian Milk Network 
March 1966" 


Radiation Protection Division 
Department of National Health and Welfare 
Ottawa, Canada 


Since November 1955, the Radiation Protec- 
tion Division of the Department of National 
Health and Welfare has been monitoring milk 
for radionuclide concentrations. Powdered 
milk was originally sampled, but liquid whole 
milk has been sampled since January 1963. At 
present, 16 milk sampling stations (figure 3) 
are in operation. Their locations coincide with 











stable potassium. The analytical procedures 
were outlined in the December 1965 issue of 
Radiological Health Data (2). 

The March 1966 monthly averages for stron- 
tium-90, cesium-—137, stable calcium, and stable 
potassium concentrations in Canadian whole 
milk are presented in table 4. Iodine-131 and 
strontium-89 concentrations were below mini- 
mum detectable levels during the period 
covered by this report. 


Table 4. Stable elements and radionuclides in 
Canadian whole milk, March 1966 


























































gy : a” x Station Calcium Potassium |Strontium-90| Cesium-137 
air and precipitation sampling stations. (a/liter) | (e/liter) | (pCi/liter) | (pCi/liter) 
Milk samples are collected three times a week Calgary... 12 14 9 pa 
o ee 5 19.1 65 
from selected dairies and are combined into Pe William. 22222. 110 Z ah > 
weekly composites. The contribution of each _ Fredericton_.....-_. 1.12 1.6 29.3 76 
; ; i j * ree 1.13 1.6 25.5 69 
dairy to the composite sample is directly pro Montreal nena 108 fe 1 4 
; ; ; WEB. oc cccesccce 15 1.4 14.1 40 
portional to the liquid volume of sales. Weekly amen oaeaoeoes ‘3 is BY 2 
spot check analyses are made for iodine-131, Regina. Lz 18 17.8 es 
j St. "s, Nfld. _- é ‘ 3.8 88 
and monthly composites are analyzed for Secbaigee..--..--- fe 3 2 * 
strontium-—90, cesium-—137, stable calcium, and Sault Ste. Marie-- - - 1.11 1.6 26.8 73 
Rectan kcecacs 1.15 1.7 10.6 29 
_ ‘Prepared from April 1966 monthl t, “Data = Winsor voc) ie} 13 &3 
repared from Apri monthly report, “Da ‘indsor-......-...- . . “ BS 
from Radiation Protection Programs,’ Canadian De- Winnipeg.---...--.| 1.00) i 3 ae. LS 
partment of National Health and Welfare, Ottawa, Average............ 1.12 1.6 21.0 62 
Canada. 
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Figure 3. Canadian milk sampling stations 
orts July 1966 
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3. Pan American Milk Sampling Program 
March 1966 


Pan American Health Organization and 
U.S. Public Health Service 


The Pan American Health Organization 
(PAHO), in collaboration with the U.S. Public 
Health Service (PHS), furnishes assistance 
to health agencies in the American republics 
in developing national radiological health pro- 
grams. 

Under a joint agreement between both agen- 
cies, air and milk sampling activities are con- 
ducted by a number of PAHO member countries 
(figure 4). Results of the milk sampling pro- 
gram are presented below. Information on the 
sampling and analytical procedures employed 
appeared in the December 1965 issue of Radio- 
logical Health Data (3). 
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Figure 4. Pan American Milk Network sampling locations 
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Table 5 presents stable calcium and potas- 
sium, strontium-90, strontium-89 and cesium- 
137 monthly average concentrations for March 
1966. The monthly average iodine-131 and 
barium-140 concentrations in milk were less 
than 10 pCi/liter for the period covered by 
this report. 


Correction 


There was an error in reporting the data for 
Caracas, Venezuela, in the June Radiological 
Health Data and Reports; the corrected values 
for February 1966 have been added to table 5. 


Table 5. PAHO stable element and radionuclide 
concentrations in milk, March 1966 








| 
| . 
Stron- Cesium- 














Sampling Caleium | Potassium| Stron- 
station (g/liter) | (g/liter) | tium-89 | tium-90 | 137 
| (pCi/liter) | (pCi/liter)| (pCi/liter) 
Canal Zone: | 
Cristobal - - -- - - - 1.12 1.4 | <5 5 20 
Jamaica: 
Kingston _- _---- NS | NS | NS NS NS 
Mandeville - - - - - NS | NS | NS NS NS 
Montego Bay - -- 1.25 | 1.4 | <5 14 360 
Puerto Rico: | | 
San Juan_-_----- 1.10 | 1.4 | <5 | 9 20 
Venezuela: } | 
Caracas } | | 
(Feb 1966)*-_| 1.10] 1.38 | <5 | 4 20 
(Mar 1966) __| NS NS NS | NS NS 





NS, no sample collected. 
* Corrected data for February 1966. 
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STATE MILK SURVEILLANCE ACTIVITIES 


Considerable progress has been made by the 
State health departments in initiating or ex- 
panding environmental surveillance activities 
in radiological health. Many of the States now 
have comprehensive environmental surveillance 
programs supported by functional radiological 
health laboratories. 

The continuing efforts of State health de- 
partments in the analysis and monitoring of 
radionuclides in milk complement Federal milk 
surveillance activities. State milk surveillance 


Milk network 





Period reported 





activities are continually undergoing develop- 
mental changes at this time. The results 
presented herein, while not inclusive, are 
representative of current surveillance activities 
directed toward the use of milk as an indication 
of dietary intake of radioactivity. 

In addition to the State milk networks 
presented herein, programs previously covered 
in Radiological Health Data and Reports 
include: 


Last presented 








California October—December 1965 June 1966 
Colorado October-December 1964 April 1965 
Connecticut October-December 1965 May 1966 
Indiana October—December 1965 May 1966 
Michigan October-December 1965 May 1966 
Minnesota July-December 1965 May 1966 
New York July—December 1965 May 1966 
Oregon October-December 1965 June 1966 
Pennsylvania October-December 1965 May 1966 
Washington October—December 1965 June 1966 





1. Florida Milk Network 
January-March 1966 


Division of Radiological and 
Occupational Health 
Florida State Board of Health 


The Florida State Board of Health began 
sampling raw milk for iodine-131 analysis in 
two major areas of the State in November 
1962. The program has since been expanded 
to include the analysis of milk for strontium— 
89, strontium-90, and cesium-137. Raw milk 
samples are received from the six areas shown 
in figure 1. Monthly samples are taken from 





July 1966 


randomly selected farms in the areas rep- 
resented. A regional State Board of Health 
laboratory is located in each of the six areas 
referred to in this report. Each laboratory pre- 
pares a monthly composite milk sample for its 
region by combining samples from 10 percent 
of the dairy farms selected at random. These 
composite samples are then sent to the State 
Radiological Health Laboratory in Orlando for 
analysis. In the interest of maintaining an 
active standby capability, samples are now 
collected and analyzed for iodine-131 on a 
monthly basis using the resin cartridge tech- 
nique. Milk produced in the counties comprising 
each area is generally processed, marketed, and 
consumed in that area. These areas are charac- 











terized by differences in dairying practices 
related to the gradual transition from small 
farms in the West Florida region, where locally 
grown feeds are used, to larger farms in the 
Southern areas, where different types of grass 
and predominantly purchased feeds are used. 

Strontium-89 and strontium—90 are deter- 
mined by the ion exchange method developed 
by Porter, et al. (1). Iodine-131 and cesium - 
137 are determined by gamma scintillation 
spectrometry (2). 

Radionuclide concentration levels for Janu- 
ary through March 1966 are presented in tables L 
1 and 2. During this period, iodine—131 con- 
centrations remained below the minimum de- | 
tectable level of 10 pCi/liter. Strontium-—89 






SOUTHEAST 
FLORIDA 





analyses have been discontinued due _ to mini 








extremely low levels during 1965. CE | 





Figure 1. Florida milk sampling areas 


Table 1. Strontium-90 in Florida raw milk January-March 1966 





Concentration, pCi/liter 














Month x ] | ] | | 
West | North | Northeast | Central {| Tampa | Southeast Average 
| Florida |. Florida | Florida | Florida Bay Area | Florida 
— —_ ee] —eEeE——————EEEE —— == —E = —E | ee _— 
j | | | 
ESS of a 825.9 | 825.7 | 812.6 NA | 812.3 *10.0 | *17.3 
ng, NEES PE ee ee eae ear eee | 28.5 | 24.2 11.9 NA | 10.9 10.4 17.1 
RINE. iiitientns ve cuvdwisindes adilnts 27.2 24.9 12.2 11.6 | 10.2 | 17.2 
! | 











* Composite for January and February. 
NA, no analysis due to insufficient sample volume. 


Table 2. Cesium-137 in Florida raw milk January-March 1966 








Concentration, pCi/liter 





Month ee he an Se eae Se TR 
West | North | Northeast Central | Tampa Southeast | Average 
| Florida Florida Florida Florida | BayArea | Florida | 
en a Oe papaya | cvecttinacemantshateniitp ——_—————“— ———— 
January. ._.....- a) ee ATT ees meee 33 | 54 | 120 | NA | 104 134 89.0 
aa eT 37 71 | 107 | NA | 142 | 119 95.2 
MR ACA Lisa: -cinscnceckor..c—Unateckae 32 57 | 117 | NA 122 | 116 | 88.8 
Average. .......--- TOR PRR rere 34.0 60.7 | 114.7 | 122.7 | 123.0 91.0 
| 











NA, no analysis due to insufficient sample volume. 


Previous coverage in Radiological Health Data and 


Reports: 
Period Issue 
Annual summary 1964 November 1965 
January—June 1965 January 1966 


July—December 1965 April 1966 
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2. Oklahoma Milk Network 
January-March 1966 


Oklahoma State Department of Health* 


On March 15, 1965, the Radiological Health 
Section of the Oklahoma State Department of 
Health initiated a program of analysis for 
iodine-131 in milk produced in the State. 

The location of the sampling stations and 
the extent of their associated milksheds are 
shown in figure 2. Of the ten milksheds in the 
State, five were chosen as sampling stations 
(Oklahoma City, Enid, Tulsa, Lawton, and 
Ardmore) on the basis of size and location. A 
major criterion in the selection of a milkshed 
for sampling was the degree of overlap with 
other milksheds being sampled. This overlap 
assists in locating small areas of production 
where the iodine—131 concentrations might be 
abnormally high. 

The sampling stations are located in the 
laboratory of a major milk processing plant in 
each milkshed. While the milkshed for a 
particular processing plant may not coincide 
exactly with that shown in figure 2, it is con- 
sidered satisfactory for surveillance purposes. 





* Acknowledgement is accorded to the staff of the 
Radiological Health Section under the direction of Mr. 
Dale McHard, head, and Mr. Robert L. Craig, assistant 
engineer. 


At the present time, samples are collected 
each Monday morning and the analyses are 
completed by Wednesday afternoon. However, 
if iodine-131 levels detected are such that 
diversion of the milk or other precautionary 
methods need to be taken, the analytical method 
and equipment can be employed to sample each 
truck arriving at the processing plant. Under 
these conditions, only about four hours would 
be needed to complete the analysis. This greatly 
reduced lag time for analysis would permit 
rapid decisions on the fate of each truckload of 
raw milk. 

The ion exchange method of analysis used is 
similar to that recently published by the Public 
Health Service (3), but was developed indepen- 
dently by the Oklahoma State Health Depart- 
ment’s Radiological Health Laboratory. Details 
of the procedure used were presented earlier 
(4). 

Iodine-131 concentrations in Oklahoma milk 
for the period of January through March 1966 
were below the detectable level of 0.9 pCi/liter. 


Previous coverage in Radiological Health Data and 
Reports: 








Period Issue 
March—July 1965 October 1965 
August-December 1965 April 1966 





COLO, 











LEGEND 


(I) ox tanoma ci CITY 
ZZZrvisa 

P=] LAWTON 
LJenio 
[Jaromore 








0 10 20 3040 SO 
ere ae ere 
Scale in Miles 








ae ‘ay 
sal 
Mipym 











Figure 2. Oklahoma milkshed sampling areas 


July 1966 
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3. Texas Milk Network 
January-March 1966 


Texas State Department of Health? 


The Texas State Department of Health 
initiated a Statewide milk sampling network 
for radionuclide content in April 1964. At 
present, monthly samples of raw milk are 
collected from each of six “active” sampling 
points. In addition, six “stand-by” stations have 
been supplied sample containers and shipping 
instructions and can be activated immediately 
if needed. The “active” and “stand-by” station 





* Acknowledgement is accorded to the staff of the 
Radiation Control Program, Division of Occupational 
Health and Radiation Control, under the direction of 
Mr. Martin C. Wukasch, chief engineer. 


locations, shown in figure 3, were chosen to give 
maximum geographical and population cover- 
age. 

Samples are routinely analyzed for stron- 
tium-89 and strontium-90 by chemical separa- 
tion technique employing ion exchange columns 
(5). 

Potassium—40, iodine-131, cesium—137, and 
barium-140 concentrations are determined by 
gamma scintillation spectrometry. Details of 
the analytical procedures were presented 
earlier (6). 

Table 3 presents the January through March 
1966 radionuclide concentrations in Texas milk. 
During this time, strontium-89, iodine-131, 
and barium 140 concentrations were below de- 
tectable levels. Strontium-90 and cesium-—137 
concentrations are shown graphically in figure 
4 to indicate general trends. 
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Figure 3. Texas milk sampling stations 


396 


Radiological Health Data and Reports 








rts 














Table 3. Radionuclide concentrations in Texas milk network, January-March 1966 















































Potassium-40, pCi/liter Strontium-90, pCi/liter Cesium-137, pCi/liter 
Sampling 
location 
January | February March January | February March January | February March 
CE itink cnctectnin gin ikdéiegtins cones 1,280 NS 1,270 10 NS 5 30 NS 
REPS RAS A EEN CS 1,350 NS NS ll NS NS 20 NS NS 
nc aia kibd eb ald iebinaaeaane 1,280 1,120 1,290 8 4 5 10 10 
EE SEARS ESE EE 1,290 1,330 1,230 10 5 8 10 15 20 
EL IS tacts dks tsk - enegemseetecie ctaineied le atell 1,330 1,260 1,310 14 12 14 30 30 35 
ID: lintueendktidin connie cthedwhin hem 65 1,310 1,190 1,320 13 10 7 5 20 
Ns dec cncuncsavscashysensesGuren 1,307 1,250 1,284 ll Q 8 17.5 18.8 17.0 
NS, no sample collected 
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Figure 4. Radionuclide concentrations in Texas milk 
April 1964—March 1966 


Previous coverage in Radiological Health Data and 
Reports: 


Period Issue 
Annual summary 1964 June 1965 


January-March 1965 October 1965 
April—December 1965 April 1966 
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FOOD AND DIET SURVEILLANCE ACTIVITIES 


Efforts are being made by various Federal 
and State agencies to estimate the dietary 
intake of selected radionuclides on a continuous 
basis, These estimates, along with the guidance 
developed by the Federal Radiation Council, 


provide a basis for evaluating the significance 
of radioactivity in foods and diet. 
Networks presently in routine operation and 


reported periodically include: (1) the Public 
Health Service's Institutional Total Diet Sam- 


pling Network, (2) the Atomic Energy Com- 
mission’s Tri-City Diet Study, (3) the Food 
and Drug Administration’s Teenage Diet Study, 
(4) the State of California’s Diet Study, and 
(5) the State of Connecticut’s Standard Diet 


Study, These networks provide data useful for 
developing estimates of nationwide dietary 
intakes of radionuclides, The most recent cover: 


age of programs reported in Radiological 
Health Data and Reports is listed below: 








Program Period reported Last presented 
Tri-City Diet, HASL August-October 1965 June 1966 
Teenage Diet, FDA February-November 1964 July 1965 
California Diet May-August 1965 June 1966 


Connecticut Standard Diet 


January-June 1965 


February 1966 





1. Radionuclides in Institutional Diet Samples 
October-December and Annual Summary 1965 


Division of Radiological Health 
Public Health Service 


The determination of radionuclide concentra- 
tions in the diet constitutes an important ele- 
ment of an integrated program of environ- 
mental radiation surveillance and assessment. 
In recognition of the potential significance of 
the diet in contributing to total environmental 
radiation exposures, the Public Health Service 
initiated its Institutional Diet Sampling Pro- 
gram in 1961. This program is administered 
by the Division of Radiological Health with the 
assistance of the Division of Environmental 
Engineering and Food Protection (1). 

The program was designed to estimate the 
dietary intake of radionuclides in a selected 
population group ranging from children to 


young adults of school age, Initially, the pro- 
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gram was conducted at eight institutions; as 
of January 1965, its scope had increased to 
boarding schools or institutions in 50 munici- 
palities distributed as shown in figure 1. These 
institutions ranged from financially well-to-do 
boarding schools to orphanages with severe 
economic limitations. Subsequent experience 
with the diets of school children of various ages 
indicated that the number of institutions 
sampled could be selectively reduced to 21 as of 
July 1965. 

Previous results showed that the amount of 
food consumed by teenage girls is comparable 
to that consumed by children 9 to 12 years of 
age, while teenage boys consume 20 percent 
more (1, 2). Consequently, dietary intake for 
teenage boys and/or girls can be estimated 
from the levels consumed for children. 

In general, the sampling procedure is the 
same at each institution. Each sample supplied 
monthly by each institution represents the 


edible portion of the diet for a full 7-day 
week (21 meals plus soft drinks, candy bars, 
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Figure 1, Institutional diet sampling locations 


or other in-between snacks), obtained by 
duplicating the meals of a different individual 
each day. Drinking water, not included in the 
samples, is also sampled periodically. Each 
daily sample is kept frozen until the end of 
the collection period, and is then packed in dry 
ice and shipped by air express to either the 
Southwestern Radiological Health Laboratory, 
Las Vegas, Nevada; the Southeastern Radio- 
logical Health Laboratory, Montgomery, 
Alabama; or the Northeastern Radiological 
Health Laboratory, Winchester, Massachusetts. 
A detailed description of sampling and 
analytical procedures is presented elsewhere 


(3). 
Results 

Table 1 presents the analytical results for 
institutional diet samples collected from 
October through December 1965, for children 9 


to 12 years of age. The twenty-one stations 
reported consist of at least two stations in each 


of nine geographic areas of the country and 
one station each in Hawaii and Alaska. 
Dietary intakes, presented in table 2, were 
obtained by multiplying the food consumption 
rate in kg/day by the concentration values 
given in table 1. The reported radionuclide 
concentrations of these samples are corrected 
for radioactive decay to the midpoint of the 
sample collection period where applicable. 
Certain of the radionuclide concentration 


results have been reported as being “less than” 


July 1966 


(<) a specified value, For purposes of data 
computations to obtain dietary intakes, “less 
than” 10 pCi/kg values for iodine-131 and 
barium-140 were interpreted as zero and “less 
than” 5 pCi/kg of strontium-89 as 2.5 pCi/kg. 
The average food consumption rate during 
this period was 1.80 kg/day and was com- 
parable with the network average of 1.90 kg/ 
day observed from 1961 through 1964 (4). 
While strontium-89 dietary intake remained 
below detectable levels, the strontium—90 
dietary intake during this period remained 
fairly constant at approximately 23 pCi/day. 
The strontium-90 intakes fall within Range II 
as defined by the Federal Radiation Council 
(5), indicating that quantitative surveillance 
and routine control are recommended. 
Cesium-137 intakes were observed to 
steadily decrease during this period following 
the peak observed in 1964 (4). During this 
period, both barium-140 and iodine-131 con- 
centrations were below detectable levels. 


Annual averages 


Annual average radionuclide concentrations 
in 1965 institutional total diet samples are 
given in table 3. The corresponding annual 
average intakes are presented in table 4. During 
1965 the annual average daily intake varied 
from 1.28 to 2.78 kg/day, with a mean of 1.89 
kg/day. This value is in agreement with the 
1961 through 1964 average (4). During this 


same period calcium intakes varied from 0.6 
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Table 1. 


(9-12 years of age), October-December 1965 


Stable element and radionuclide concentrations in institutional diets of children 





Stable elements, g/kg of diet 


Radionuclide concentrations, pCi/kg of diet 




















Location of institution —_ = = —— ilpncdadlnndigeteas 
9 
Calcium Potassium Strontium-89 | Strontium-90 Cesium-137 Radium-226 

i Cy sins dikernvenetea damian Oct 0.7 1.4 <5 31 55 0.3 
Nov 0.6 1.6 <5 20 55 0.6 

Dec 0.7 1.2 <5 21 70 0.4 

Ariz: a) wd dined Oct 0.3 1.0 <5 13 40 0.3 
Nov 0.4 1.2 <5 8 35 0.1 

Dec 0.5 : <5 14 25 0.3 

Ark: ee PI i wie = tdionodienae Oct 0.6 1.3 <5 20 25 NA 
Nov 0.8 1.3 <5 12 25 NA 

Dec 0.7 1.3 <5 20 25 NA 

Calif: Los Angeles. - --- ea ee ee Oct 0.7 1.5 <5 4 35 0.3 
Nov 0.7 1.6 <5 6 15 0.4 

Dec 0.9 1.5 <5 11 35 0.4 

Colo: IE, ciokbiidisuseaccsdbhath Oct 0.6 1.3 <5 8 45 0.3 
Nov 0.7 1.5 <5 11 40 0.6 

Dec 0.9 1.5 <5 16 25 0.7 

Del: NNR os ek acncn ckadbe Oct NS NS NS NS NS NS 
Nov 0.8 1.8 <5 10 25 0.9 

Dec 0.8 1.6 <5 11 40 0.1 

Fla: WRT 64 5k dpd och tab entben Oct 0.7 1.8 <5 12 90 NA 
Nov 0.6 con <5 12 90 NA 

Dec 0.6 1.6 <5 ll 60 NA 

EG. SUM d hichédeccctccscosces Oct 0.4 1.3 <5 <1 35 0.4 
Nov 0.5 1.5 <5 5 40 0.4 

Dec 0.5 1.3 <5 6 25 0.4 

ee Cob an acocaccccaunt Oct 1.4 1.6 <5 17 40 0.9 
Nov 1.0 1.6 <5 14 45 0.7 

Dec 1.4 1.6 <5 10 30 0.7 

Ill: IG salah cir weenie nach quchem was a Oct 0.7 1.4 <5 15 50 0.7 
Nov 0.6 1.4 <5 9 40 0.7 

Dec 0.7 1.6 <5 8 45 0.7 

Ky: DC. Senatncoedbhs «cond on Oct 0.6 i <5 14 30 NA 
Nov 0.7 1.7 <5 15 30 NA 

Dec 0.9 1.8 <5 15 25 NA 

La: PRs ci tcttacsSsoks Oct 0.8 1.3 <5 14 35 NA 
Nov 0.8 1.5 <5 19 45 NA 

Dec 0.7 1.6 <5 16 40 NA 

Mass: atbweseuncenctsas chan sue Oct 0.5 1.5 <5 9 30 0.5 
Nov 0.7 Oe <5 10 35 0.5 

Dec 0.6 1.4 <5 7 40 1.0 

Mo: PE. nacudscctidabbaneboks Oct 0.8 1.5 <5 12 30 0.8 
Nov 0.8 1.8 <5 10 35 0.9 

Dec 0.8 1.6 <5 ll 30 0.5 

Ohio: aye Fee poetry eee Oct 0.6 1.7 <5 6 25 0.5 
Nov 0.6 1.8 <5 6 35 0.7 

Dec 0.8 1.9 <5 12 60 0.9 

Pa: ES Ee eee Oct 0.6 1.3 <5 10 40 0.8 
Nov 0.6 1.4 <5 15 30 0.9 

Dec 0.6 1.2 <5 13 35 0.7 

| 

8. C: OO eee a ee Oct 0.7 1.8 | <5 18 40 NA 
Nov 0.7 1.4 | <5 16 40 NA 

Dec 0.8 1.7 <5 21 40 NA 

ities. Ct Pio ak o-oo kn acc cecses Oct 0.7 1.3 <5 | 16 75 0.6 
Nov 0.7 1.4 <5 15 70 0.8 

Dec 0.6 1.7 <5 19 85 0.7 

Tex Rite dccanmbosdennccnare Oct 0.6 1.3 <5 6 15 NA 
Nov 0.6 1.4 <5 8 20 NA 

Dec 0.5 1.4 <5 8 25 NA 

Vt: EE ee, Oct. 0.6 1.4 | <5 ll 40 0.6 
Nov 0.6 1.6 <5 10 40 0.7 

Dec 1.0 1.8 <5 14 40 1.0 

nt. OREO... . tc cuwsinngo wdmeemaniee Oct 0.5 1.3 <5 26 55 0.6 
Nov 0.6 1.4 <5 12 50 0.5 

Dec 1.3 1.8 <5 15 45 0.8 

Institutional average.............-.-..-.- Oct 0.6 1.4 <5 13 40 0.5 
Nov 0.7 1.5 <5 12 40 0.6 

Dec 0.8 1.5 <5 13 40 0.6 


























NA, no analysis 
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NS, no sample 
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Table 2. 


Intakes of stable elements and radionuclides in institutional total diet for children 


(9-12 years of age), October-December 1965 


















































F : Total Stable elements, g/day Radionuclide intakes, pCi/day 
Location of institution Month weight 4 ee hate 
1965 (kg/day) 
Calcium Potassium Strontium-89 | Strontium-90 Cesium-137 Radium-226 
Ment «BG iss cn cccscse Oct 1.51 1.1 2.1 5 47 85 0.5 
Nov 1.48 0.9 2.4 5 30 80 0.9 
Dec 1.88 1.3 2.3 5 39 130 0.8 
Ariz: PNR: oo a ose vewin Oct 1.77 0.5 1.8 5 23 70 0.5 
Nov 1.37 0.5 1.6 5 11 50 0.1 
Dec 2.00 1.0 2.2 5 28 50 0.6 
Ark: Little Rock.......... Oct 1.16 0.7 1.5 5 23 30 NA 
Nov 1.78 1.4 2.3 5 21 45 NA 
Dec 1.78 1.2 2.3 5 36 45 NA 
Calif: Los Angeles-______. ...| Oct *1.80 1.3 2.7 5 7 65 0.5 
Nov * 2.03 1.4 3.2 5 12 30 0.8 
Dec = 2.40 2.2 3.6 5 26 85 1.0 
Colo: a ee Oct 2.41 1.4 3.1 5 19 110 0.7 
Nov 2.09 1.5 3.1 5 23 85 1.3 
Dec 2.26 2.0 3.4 5 36 55 1.6 
Del: Wilmington_____...-- Oct NS NS NS NS NS NS NS 
Nov 1.98 1.6 3.6 5 20 50 1.8 
Dec 1.81 1.4 2.9 5 20 70 0.2 
Fla: POMIBI SAA <cdssnksn Oct 2.18 1.5 3.9 5 26 195 NA 
Nov 2.01 1.2 3.4 5 24 180 NA 
Dec 1.80 oe | 2.9 5 20 110 NA 
Hawaii: Honolulu.._.______-_- Oct 81.78 0.7 2.3 5 1 60 0.7 
Nov 1.75 0.9 2.6 5 9 70 0.7 
Dec 1.87 0.9 2.4 5 11 45 0.7 
Idaho: Idaho Falls_..______- Oct *1.80 2.5 2.9 5 31 70 1.6 
Nov *1.92 1.9 3.1 5 27 85 1.3 
Dec *1.99 2.8 32 5 20 60 1.4 
Ill: a Oct 1.14 0.8 1.6 5 17 55 0.8 
Nov 1.53 0.9 2.1 5 14 60 1.1 
Dec 1.26 0.9 2.0 5 10 55 0.9 
Ky: Te Oct 1.28 0.8 2.2 5 18 40 NA 
Nov .59 1.1 2.7 5 24 50 NA 
Dec 1.50 1.4 2.7 5 22 40 NA 
La: New Orleans. ______.. Oct 1.78 1.4 2.3 5 25 60 NA 
Nov 2.47 2.0 3.7 5 47 110 NA 
Dec 62.17 1.5 3.5 5 35 85 NA 
Mass: a eee Oct 2.68 1.3 4.0 5 24 80 1.3 
Nov 2.55 1.8 2.8 5 26 90 1.3 
Dec 2.25 1.4 3.2 5 16 90 2.2 
Mo: ee Oct 2.28 1.8 3.4 5 27 70 1.8 
Nov 2.39 1.9 4.3 5 24 85 2.2 
Dec 2.38 1.9 3.8 5 26 70 1.2 
Ohio: Cleveland._......... Oct 1.76 1.1 3.0 5 11 45 0.9 
Nov 1.49 0.9 2.7 5 9 50 1.0 
Dec 1.48 1.2 2.8 5 18 90 1.3 
Pa: Pittsburgh ....._....- Oct 2.32 1.4 | 3.0 5 23 95 1.9 
Nov *2.36 1.4 3.3 5 35 70 2.1 
Dec 82.31 1.4 2.8 5 30 80 1.6 
8. C: Charleston _..._._....- Oct 1.73 | 3.1 5 31 70 NA 
Nov 1.52 Bon 2.1 5 24 60 NA 
Dec 1.86 1.5 3.2 5 39 75 NA 
8S. Dak: Sioux Falls......._.- Oct 1.70 1.2 2.2 5 27 130 1.0 
Nov 1.89 1.3 2.6 5 28 130 1.5 
Dec 1.82 1.1 3.1 5 34 155 1.3 
Tex Ee Oct 1.70 1.0 2.2 5 10 25 NA 
Nov 1.63 1.0 2.3 5 13 35 NA 
Dec 1.63 0.8 2.3 5 13 40 NA 
Vt Burlington__-......-. Oct 1.77 1.1 2.5 5 19 70 1.1 
Nov 1.43 0.9 2.3 5 14 55 1.0 
Dec 1.23 1.2 2.2 5 17 50 1.2 
weet, Te. cts Oct * 1.67 0.8 2.2 5 43 90 1.0 
Nov *1.53 0.9 2.1 5 | 18 75 0.8 
Dec *1.63 2.1 2.9 b 24 75 1.3 
ee Tay best ¥ 
Institutional average_____.__-- Oct 1.79 1.1 2.6 5 23 75 1.0 
Nov 1.82 1.2 2.7 | 5 21 75 1.2 
Dec 1.80 1.3 | 2.7 5 24 75 1.1 
- ® Data for these months were not used in the average because food samples were collected from two or more children over 12 years of age. 
> Data for these months were not used in the average because food samples were collected from children whose ages were unknown. 
NS, no sample collected NA, no analysis 
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Table 3. Annual average concentrations of stable elements and radionuclides in institutional daily 
diets of school children, 1965 * 





Location of institution 


Stable elements, g/kg of diets 


Radionuclide concentration, pCi/kg of diet 

































































| | 
Calcium Potassium | Strontium-89 | Strontium-90 Cesium-137 Radium-226 
| 

Ala: DENI. 5. «cin bisbade dimeducosowegn 0.6 | 1.2 <5 12 40 ¢NA 
Alaska Ee A rah ard outhe ath awe oalerete 0.6 1.3 <5 18 80 0.4 
Ariz: Phoenix 4__ mesial 0.6 1.3 <5 | 14 50 0.5 
Ark: Little Rock- wae 0.7 1.3 <5 | 21 35 NA 
Calif: OT Se a a? 0.7 1.6 <5 | 8 30 0.6 
I ais cyan cons ecnkacint omsiy a 0.6 1.6 <5 13 35 0.5 
Colo: Pa chaccsesyanondvnnen cates nda 0.7 1.4 <5 | 14 45 0.6 
Conn: rie e anak oh dotibbiceacus enShas 0.7 1.6 <5 12 75 0.6 
Ek eg 0:8 1:7 <5 | 12 50 0.7 
Fla Dan wesddataed dhgodavbedawrnmues 0.7 x, <5 12 100 NA 
Ga: CT cist inncacdadenpssaes tendeaien 0.6 1.6 <5 18 60 NA 
I Eh i. cv nasaccnbewsecdesdéonmes 0.5 1.2 <5 11 35 0.6 
Idaho Ss Suis cc cbbnedeadab=noan mes 0.9 1.6 <5 21 75 0.6 
Ill: Raabe bbw ngedpipwns ones ghee 0.7 1.5 <5 | 11 60 0.6 
Ind: Indianapolis > 0.8 1.5 5 | 12 60 0.6 
Iowa: Des Moines >__-_ -- 0.6 1.6 <5 | 14 55 NA 
Kans: | 0.8 1.6 5 15 45 NA 
Ky: Louisville 4____...__- 0.6 1.4 <5 16 35 NA 
La: NE RR Tn 0.7 1.5 <5 | 18 50 NA 
en a now cad dendcenbs ccedecn= 0.8 1.4 <5 | 15 90 0.6 
Md: add ins ian b ackech nites em nv wines 0.6 1.4 <5 15 50 NA 
Mass: nd, css > dheihaiegudiqri hates wag 0.7 1.5 <5 14 85 0.6 
ES oon ine obanhviniane bmbeeginae 0.6 1.4 <5 Q 45 0.6 
Mich: I otra eBid aaie 6a dicd wan ee ane 0.8 1.6 <5 11 70 0.7 
Minn: ER SETTER OE an, A 0.7 1.6 <5 30 65 0.7 
Miss: Sn ad ok wna eminent 0.8 1.5 <5 22 70 NA 
Mo: St. Louis 0.7 1.6 <5 | 18 40 0.8 
Mont: PERS danavendce 0.5 1.2 <5 | 14 55 0.6 
Nebr: Omaha > 0.8 1.5 <5 | 20 55 0.8 
Nev Carson City > 0.8 1.5 <5 | 18 40 0.8 
N.J: Nk bya n ibd con eee te supe 0.7 1.4 <5 | 12 | 60 1.0 
DEE | Ne ns cn cevecacncccceccs 0.8 1.6 <5 | 12 | 30 0.7 
N.Y: Elena cidcn yaavenh noon ale 0.8 1.6 <5 14 | 75 0.9 
N.C: a a | 0.6 aan <5 15 40 NA 
ei sai oils ates ac oraank vow nare cena a 0.7 1.6 <5 14 70 0.6 
Ohio RS naiikntonahaanaus wemkmeke at 0.7 We <5 | 10 55 0.6 
Okla: oS aa n> ee kenya 0.6 1.5 | <5 | 12 35 NA 
Ore: ie le bdgat ans raatbiendima tad 0.6 1.6 | <5 15 50 0.6 
Pa: de dik wile Aeneas wali altace ia 0.6 1.4 | <5 13 50 0.7 
R.I: Providence > 4_____ 0.8 | 1.5 <5 12 75 0.5 
8.C: Charleston. - ------ 0.7 | 1.4 <5 18 55 NA 
8S. Dak: Sioux Falls_.------ 0.8 1.6 <5 16 75 0.7 
Tenn: ISU E,  a e Saa ee oom 0.6 1.4 <5 16 40 NA 
Tex: th tis on caeatdnaas mae >hoatiniers 0.5 1.2 <5 8 25 NA 
Utah: EIS ea a 0.6 1.6 <5 14 | 65 0.5 
Vt: Ne had aa en is i dlp Wek oS ail 0.8 1.6 <5 14 65 0.6 
Va: es secede ee nok wank adnwineels 0.5 1.2 | <5 16 | 45 NA 
Wash: Mt. LaceasWcdecndacnbundiowatiod 0.7 1.6 | <5 21 70 0.5 
yes «MNOS. os. occu scene eee cdecceas 0.8 1.6 <5 19 | 55 NA 
Wis: ite aC a RR 0.6 1.6 | <5 | 10 | 70 0.7 
Wyo: NR REESE SESS a EE Re 8 0.7 1.6 | <5 15 60 1.0 

} 

anc ncceudadunesseséssccene 0.7 1.5 | <5 15 | 55 

' ! ' 


} ©] 
| al 





| 
| 
| 
| 
} 
| 
| 


* Iodine-131 and barium-140 concentrations are not presented in this table; concentrations were reported as not detectable (<10) each month at each 


institution. 


b Strontium-90 and cesium-137 concentrations are probably maximum values. Sample collection at these stations was limited to the first half of the 
year. In general, peak levels for these radionuclides were observed dui/ng the first 7 months of 1965. 


¢ NA, no analysis 
4 Station entered the network in January 1965. 
¢ Values represent data for 3 months. 


to 2.0 g/day, with a mean of 1.3 g/day. Potas- 
sium annual average intakes ranged from 1.6 to 
4.3 g/day, with a mean of 2.8 g/day. 

Annual average daily intakes of strontium— 
89 were less than 10 pCi/day. During 1965, 
annual average strontium-90 intakes ranged 
from 13 to 64 pCi/day with a mean of 28 pCi/ 
day. The latter fall within FRC Range II (5), 
indicating that quantitative surveillance and 
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routine control are the recommended course of 
action. 

Cesium—137 annual average intakes ranged 
from 40 to 215 pCi/day with a mean of 105 
pCi/day. At the same time, radium—226 intakes 
averaged 1.2 pCi/day. 

Turing 1965, both iodine-131 and barium— 
146 concentrations were below detectable 
levels. 
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Table 4. Annual average intake of selected elements and radionuclides in institutional 
daily diets of school children, 1965 * 





—_ | 


Stable elements, g/day 















































J Fe a Radionuclide intakes, pCi/day 
Location of institution | hay» 
(kg/day) , 
Calcium | Potassium Strontium-89 | Strontium-90 | Cesium-137 Radium-226 
— ew | — — 
Ala: Montgomery »...........---- | 2-30 | 1.3 2.9 5 28 22 °NA 
Aiaska: CS a | 53 | j A 5 ¢ 
Ariz ee. 1.60 | 1.0 2.1 5 22 75 0.7 
Ark: Ria catepaaatamle ada 1.77 | 1.2 2.3 5 37 65 NA 
Calif: MOG BERS ai vicesacecdsecen } 1.75 | 1.3 2.7 5 14 55 1.0 
DR FORINIOR 9 onkn kcossiiénnd 1.70 ee 2.7 5 21 60 0.9 
Colo EA ean ee 2.24 1.5 3.2 5 30 100 1.3 
ao we _ EE TD “- “7 .* 5 20 135 1.0 
: Titian einmniatnn uiliaeaa Ba ‘ A 5 2 95 . 
Fla: Ta eae D436 badbawidceeecd 2.11 1.5 3.5 5 38 218 Na 
Ga: ee | 1.72 1.0 2.8 5 31 110 NA 
Pt: TRB iain s Cddedicn po dicdid | 1.80 0.9 2.1 5 19 65 ey 
pe ame Pi tictatics eatcben | 1.93 1.7 3.0 10 40 140 1.2 
4 saa Rely gO ety geetintyets 1.46 1.1 2.2 5 16 85 0.8 
Ind: Indianapolis >. __...........-. | 1.61 1.3 2.4 10 95 0.9 
a eae , SOR ts Sage es 1 , 4.3 5 39 oo oe 
Cans: Rath > Snteied Raauicndds | 1.99 1. 3.2 10 30 ¢ NA 
Ky: SER AEN 1.75 1.3 2.5 5 28 60 NA 
La NS i os mstceikaeeainet 2.33 1.6 3.4 5 42 120 NA 
Maine ce mm »- Sadelelssieatundéd 2.31 1.8 3.4 5 35 205 +s 
alley = Sian. 1.81 1.1 2.4 5 28 90 NA 
Mass OO US eee 2.23 1.5 3.3 5 30 190 1.2 
il aR Ali aa 2.38 1.4 3.3 5 22 100 1.4 
Mich PP tinct cndd etc tu. teRabS 1.88 1.5 2.9 5 20 130 1.4 
eaens pierre? nT ee eee 2.08 1.5 3.4 5 64 2 1-6 
Miss: as. trian’ pssst chips ol @ tests neil 2.30 1.9 3.4 10 49 1 My 
Mo: RR lctas dri hao itee ate e 2.30 1.7 3.6 5 39 85 1.8 
Mont ik nll al ele a tig 1.35 0.6 1.7 5 20 0.8 
Nebr: OS er eee eee 1.79 1.4 2.7 5 36 100 1.4 
Nev: Ss) aa ae 1.45 i 2.2 5 26 60 1.1 
N.J: SS ES ae eras 2.25 1.5 3.2 5 27 135 2.2 
ae Som 0 op TE 2.04 1 * 3.2 5 24 4 + 
& 3 >” Se oa 2.30 ae 3.6 5 | 33 170 1 
N.C: SN ee uceasuccana 1.44 0.9 1.6 5 22 NA 
Det (eS. chadbcandoadawale 1.37 1.0 2.2 5 18 100 0.8 
Ohio: Sin ditt aivadsh ataltsgels 1.56 1.0 2.7 5 16 85 1.0 
| 
Gila: Oklahone City. ---.-------- 121 | 1 2.6 s 21 F. NA 
re: RE Pe ee Aer ¢ | . ° 3 . 
Pa: IN sw taces iv miltts decd othanilMashiaeel 2.40 1.4 3.4 5 32 125 1.7 
R.I: |. eae 2.60 2.0 4.0 5 31 200 1.3 
8.C: CO SE ees 1.72 | 1.2 2.5 5 32 95 NA 
ae “eae | 1.78 | 1.3 2.9 10 29 130 1.2 
Tenn: Memphis>.................-- | 1.58 | 1.0 2.3 5 26 60 NA 
Tex: a CTSA A 1.7 | 0.8 2.1 5 13 40 NA 
Utah Salt cabs City es oo | 1.28 0.8 2.0 5 18 85 0.7 
: ccbabhathestuccctes 1.4 1.1 5 5 . 
Va: EW iat ke ch sisS nine topniines a 2.30 | 1.2 2.8 5 37 100 NA 
| Se 1.74 1.2 2.7 | 5 37 120 0.9 
ya 8 |} ST | 1.69 | 1.2 2.8 5 32 95 NA 
Wis: Ee eee | 2.08 | 1.3 3.3 5 22 140 1.6 
Wyo: Ces kd nannncat@ned 1.58 | ¥.1 2.6 | 5 24 95 1.5 
Institutional average_............____-- 1.89 | 1.3 2.8 5 28 105 1.2 








* Iodine-131 and barium-140 intakes are not presented in this table; values were zero for each month at each institution. 
> Strontium-90 and cesiuin-137 intakes are probably maximum values. 


Sample co'le*tio1 at these stations was limited to the first half of the year. 


In general, peak levels for these radionuclides were observe during the first 7 months of 1965. 


¢ NA, no analysis 
d Station entered the network in January 1965. 
© Values represent data for 3 months. 


Recent coverage in Rv~diological Health Data and 
Reports: 


Period Issue 


January-March 1964 October 1964 
April-June 1964 January 1965 
July-September 1964 April 1965 
October-December 1964 July 1965 
Annual averages 1964 July 1965 
January—March 1965 October 1965 
April—June 1965 February 1966 
July-September 1965 May 1966 
REFERENCES 


(1) ANDERSON, E. C., and D. J. NELSON, JR. 
Surveillance for radiological contamination in foods. 
Amer J Public Health 52:1391-1400 (September 
1962). 


July 1966 


(2) PUBLIC HEALTH SERVICE, DIVISION OF 
RADIOLOGICAL HEALTH. Radionuclides in insti- 
tutional total diet samples, January—March 1965. Rad 
Health Data 6: 548-554 (October 1965). ; 

(3) PUBLIC HEALTH SERVICE, DIVISION G:' 
RADIOLOGICAL HEALTH. Radionuclides in insti- 
tutional total diet samples, April-June 1965. Rad 
Health Data and Rep 7:92-98 (February 1966). 

(4) GRUNDY, R. D., C. CALVERT, and A. G. 
BERGER. Summary of results of Institutional Total 
Diet Sampling Network, 1961-1964. Rad Health 
Data 6: 691-698 (December 1965). 

(5) FEDERAL RADIATION COUNCIL. Background 
material for the development of radiation protection 
standards, Report No. 2. Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington, 
D.C. 20402 (September 1961). 
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Section II. Water 


The Public Health Service, the Federal 
Water Pollution Control Administration, and 
other Federal, State, and local agencies operate 
extensive water quality sampling and analysis 
programs for surface, ground, and/or treated 
(drinking) water. Most of these programs in- 
clude determinations of gross alpha and gross 
beta radioactivity and/or specific radionuclides. 

Although the determination of the total 
radionuclide intake from all sources is of 
primary importance, a measure of the public 
health importance of radioactivity levels in 
water can be obtained by comparison of the 
observed values with the Public Health Service 
Drinking Water Standards (1). These Stand- 
ards, based on consideration of Federal Radia- 
tion Council (FRC) recommendations (2-4), 
set the limits for approval of a drinking water 


Program 

Radiostrontium in Tap Water, HASL 
Colorado River Basin Sampling Network 
Coast Guard Water Sampling Program 
Drinking Water Analysis Program 
California Water Sampling Program 
Florida Water Sampling Program 
Kentucky Water Sampling Program 
New York Surface Water Sampling Program 
North Carolina Water Sampling Program 
Lower Columbia River Radiological Survey in 

Oregon 
Washington Surface Water Sampling Program 


REFERENCES 


(1) U.S. PUBLIC HEALTH SERVICE. Drinking 
water standards, Revised 1962. PHS Publication No. 
956. Superintendent of Documents, U.S. Government 
“a Office, Washington, D.C. 20402 (March 


63). 

(2) oP EDERAL RADIATION COUNCIL. Radiation 
protection guidance for Federal agencies. Memoran- 
dum for the President, September 1961. Reprint from 
the Federal Register of September 26, 1961. 
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supply containing radium-226 and strontium- 
90 as 3 pCi/liter and 10 pCi/liter, respectively. 
Limits may be higher if total intake of radio- 
activity from all sources indicates that such 
intakes are within the guidance recommended 
by FRC for control action. In the known 
absence' of strontium-90 and alpha emitters, 
the limit is 1,000 pCi/liter gross beta activity. 
Surveillance data from a number of Federal 
and State programs are published periodically 
to show current and long-range trends. Water 
programs previously reported in Radiological 
Health Data and Reports are listed below. 





' Absence is taken to mean a negligibly small fraction 
of the specific limits of 3 pCi/liter and 10 pCi/liter for 
— alpha emitters and strontium-90, respec- 
tively. 


Period reported 
May and July—November 1965 


Last presented 
June 1966 








1962-1964 November 1965 
1964 November 1965 
1962 October 1965 
January—June 1965 March 1966 
1964 November 1965 
May 1963-June 1964 March 1965 
June—December 1965 June 1966 


1964 November 1965 


August 1963-July 1964 
July 1964—June 1965 


October 1965 
May 1966 


(3) FEDERAL RADIATION COUNCIL. Background 
material for the development of radiation protection 
standards, Report No. 1. Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington, 
D.C. 20402 (May 1960). 

(4) FEDERAL RADIATION COUNCIL. Background 
material for the development of radiation protection 
standards, Report No. 2. Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington, 
D.C. 20402 (September 1961). 
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GROSS RADIOACTIVITY IN SURFACE WATERS OF THE 


UNITED STATES, JANUARY 1966 


Basic Data Program, Federal Water Pollution Control Administration 


Department of the Interior 


The monitoring of levels of radioactivity in 
surface waters of the United States was begun 
in 1957 as a part of the Public Health Service 
Water Pollution Surveillance System. Responsi- 
bility for this activity was transferred to the 
Federal Water Pollution Control Administra- 
tion on December 31, 1965. Table 1 presents 
the current preliminary results of the alpha 
and beta analysis. The radioactivity associated 
with dissolved solids provides a rough indica- 
tion of the levels which would occur in treated 
water, since nearly all suspended matter is 
removed by treatment processes. Strontium—90 
results are reported quarterly. The stations on 


each river are arranged in the table according 
to their distance from the headwaters. Figure 1 


indicates the average total beta activity in 
suspended-plus-dissolved solids in raw water 
collected at each station. A description of the 
sampling and analytical procedures was pub- 
lished in the June 1966 issue of Radiological 
Health Data and Reports. 

Complete data and exact sampling locations 
are published in annual compilations (1-¢) 
or are available on request. 

Special note is taken when the alpha radio- 
activity is 15 pCi/liter or greater, or when the 
beta radioactivity is 150 pCi/liter or greater. 
These arbitrary levels provide a basis for the 
selection of certain data and for comment on 
the data, if needed. They reflect no public 
health significance as the Public Health Serv- 














North Dakota 
@ 26 























Figure 1. Sampling locations and associated total beta activity, pCi/liter 


in surface waters, January 1966 


July 1966 
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ice drinking water standards have already 
provided the basis for this assessment. Changes 
from or toward these arbitrary levels are also 
noted in terms of changes in radioactivity per 
unit weight of solids. No discussion of gross 
radioactivity per gram of dissolved or 
suspended solids for all stations of the Water 
Pollution Surveillance System will be attempted 
at this time. Comments are made only on 
monthly average values. Occasional high values 
from single weekly samples may be absorbed 


into a relatively low average. When these 
values are significantly high, comment will be 
made, 

During December 1965 and January 1966 the 


following stations showed alpha values in 


excess of 15 pCi/liter in the dissolved solids: 
Arkansas River: Coolidge, Kansas 





North Platte River: Henry, Nebraska 

South Platte River: Julesburg, Colorado 
The station at Pasco, Washington, showed an 
increase in beta radioactivity in dissolved solids 
from below 150 pCi/liter in December to more 
than 150 pCi/liter for January 1966. 


REFERENCES 


(1) PUBLIC HEALTH SERVICE, DIVISION OF 
WATER SUPPLY AND POLLUTION CONTROL. 
National water quality network annual compilation 
of data. PHS Publication No. 663, 1958 Edition. 
Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C. 20402. 

(2) Ibid., 1959 Edition. 


(3) Ibid, 1960 Edition, 
(4) Ibid, 1961 Edition, 
(5) Ibid. 1962 Edition, 
(6) PUBLIC HEALTH SERVICE, DIVISION OF 


WATER SUPPLY AND POLLUTION CONTROL. 
Water pollution surveillance system, annual compila- 
tion of data. PHS Publication No. 663 (Revised) 
1963 Edition. Superintendent of Documents, U.S. 
Government Printing Office, Washington, D.C. 20402. 




























































































Table 1. Radioactivity in raw surface waters, January 1966 
Average beta activity Average alpha activity | Average beta activity | Average fiybe activity 
(pCi/liter) (pCi/liter) (pCi /liter) (pCi/liter) 
Station rer Stativa | Lz. 
| | 
Sur - | Dia- | Total Sus- | Dis- | Total | Sus- | Dis- | Total | Sus- Dis- | Total 
henna solved | t cena solved | haneees solved | pended | solved 
ETS ee Se 
at: eS SES ——| ial 
Animas River: | | New Roads, La- ---- | 12 | 10 22 5 1 6 
‘ Seaet _ N. Mex.. 8 10 | 1 | 2 2 “ae 7. cs wal 10 9 19 2 1 3 
rkansas River: | | Missouri River: | 
Coolidge, Kans_-..- - 5| 387] 42 1} 2 | 25 || Williston, N. Dak _ - -| 4 22 26 1 5 6 
Ponca City, Okla-..- 7 | 35 42 | i 13 | 14 || Bismarck, N. Dak_--| 2 17 19 1 3 4 
Atchafalaya River: | | | | St. Joseph Mo.-- 5 19 24 1 5 6 
Morgan City, La_..- 9 | 12 21 | | “ 41} No bette River: 
Bear River: | | | Hor Net | 2 45 47 0 27 27 
or tenten. Idaho------ 0 | 13 13 | 0 | 2 | 2 | Ohio River: he 
*heaa River: } | oronto, Ohio... .-..- 6 6 12 1 0 1 
cybaitbanks, Alaska...| <1 2 2 of 3 0 |) poate rere ie lee 9 1 1 
iearwater River: en reille River: 
6 Lewiston, Idaho--- -- 1 2 3 | 0 | 0 | 0 | Albeni Falls Dam, | | 
"Glinten Tenn ets 2 1 5 6 | 0 0 | 0 | Platts River: . > | ‘ . : ti i 
Colorado Tenn *___- 4 121 125 | 0 1 | 1} ae. No br. 4 28 | 32 <1 10 10 
‘olor vt mer: D 
Oe 9 0 21 SO aa s| ‘Baudette, M: cs 1) 12 13 0 0 0 
— Dam, Calif- } Red River, Nout th: 
dans ébeecnes 0 27 | 27 | 0 13 | 13 Gra odd Forks, | j 
Columbia Hives: ; 2 | eee eae Og ee 0 64 | 64 0 | 3 3 
enatchee ash... 1 6 | 0 0 || Red River, South: 
Pasco, Wash *______- 28 167 195 | 0 | 1 1 Alexandria, = ------| te .6T @ 1 0 1 
cLlatakanie, Ore. 7 21 28); <i <1 <1 | Rio ponte: | 
ounecticut River: } } | E) Paso, Tex........! 2 | 27 | 29 0 4 4 
cuenfield Dam, Conn. Ee 5 12 0 0 0|| , Laredo, Tex. ----- a | 11 14 1 4 5 
umberland River: an Joaquin River: 
Cheatham Lock, | | Vernalis, Calif-_....- 5 | 7 12 2 1 3 
_ ese 1 | 3 4 | 0 0 0 || San Juan River: 
Delaware River: } Shiprock, N. Mex. - - 6 9 15 1 2 3 
o oe Pa 5 6 | 11 | 1 0 1 || Savannah River: 
reat Lakes: | | Port Ley entworth, } 
Q —— Minn......-. 0 2 | 2 | 0 | 0 0 a . ie SI 8 10 Si) <i 0 <1 
jreen River: nake River: } 
noe ota, Utah... 0 19 19 | 0 4) 4 Payette, Idaho. —— Bs 6g 12 0 4 ‘ 
udson River: | Jawawai, Was 0 6 6 0 | 2 
Poughkeepsie, N.Y - - 1 4 5 0 0 0 || South Platte River: 
Hiinois Rive: Julesburg, Colo... ... 15 66 81 5 37 | 42 
Peorta, il]... ........ 3 10 13 0 1 1 || Susquehanna River: 
Baily Ee 6 19 25 2 2 4 : Conowingo, Md- -- -- 0 2 2 0 0 0 
<ansas River: ‘ennessee River: 
m.. a Kans----.- 3 15 18 1 4 5 wae Tenn... 1 6 7 0 0 0 
ama iver: abash River: 
one EEE 1 6 7 0 0 0 New Harmony, Ind 3) 9 18 3 <1 3 
Maumee River: Yellowstone River: 
a ra i eee 5 14 19 1 3 4 Sidney, Mont------- 1 33 34 0 8 8 
ississippi River: —-——|—-—— 
St. Paul, Minn...... 1 18 19 0 1 . 2D PS dence. caren 28 167 195 5 37 42 
E. St. Louis, Ill___-. 5 12 17 1 1 2 -- nn 
RE ee 0 2 2 0 | 0 0 























. Gross beta activities at these stations are not directly comparable to gross beta activity at other stations because of the possible contribution of 
radionu_lides from an upstream nuclear facility in addition to the contribution from fallout and naturally occurring radionuclides, common to all stations. 
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RADIOACTIVITY IN MINNESOTA MUNICIPAL WATER SUPPLIES 


JULY-DECEMBER 1965: 


Division of Environmental Sanitation, Minnesota Department of Health 


The analysis of various Minnesota waters 
for radioactivity concentration was initiated 


in 1956 as part of the Minnesota Water Pollu- 
tion Control Program. This program was ex- 


panded in 1958 to include most of the municipal 
surface water supplies in the State, as well as 
selected lakes through the State. 





‘Data and information from “Survey of Environ- 
mental Radioactivity, July-December 1965,” Pub No. 
C00-651-25. State of Minnesota Department of Pub- 


lic Health, University Campus, Minneapolis, Minne- 
sota 55440. 


As many as 25 surface streams and Jakes 
involving 74 stations have been sampled, At 


present, nine surface streams and lakes used 
as municipal water supplies are sampled 


routinely (figure 1), “Grab” samples of raw 
and treated water are collected weekly at 
Hallock, East Grand Forks, Eveleth, Fairmont, 


and St. Paul; and monthly at Crookston, Inter- 


aational Falls, and St. Cloud. Minneapolis tap 
waier is analyzed weekly. No raw water is 
collected from the Minneapolis supply. 


























Figure 1. Minnesota surface water sampling locations 


July 1966 


407 





The samples are forwarded to the Division’s 
laboratory, where they are analyzed for gross 
beta activity. A 250-ml sample of water is 
transferred to a 2-inch planchet and evaporated 
at 75°C. The solid residue (suspended-plus- 
dissolved solids) is fixed by adding lucite in 
acetone. The sample is then counted for beta 
activity in an internal-proportional counter. 
Counter standardization is accomplished by 
adding known amounts of thallium-204 stand- 
ard to solutions containing the normal range 
of solids. 

Table 1 shows a summary of the monthly 
average gross beta activity in Minnesota 
municipal water supplies from July through 
December 1965. The minimum reported level 
corresponding to an error of one standard 
deviation is 15 pCi/liter. In averaging, the 
value 7 pCi/liter is used for samples having 
less than the minimum detectable value. 


The data obtained on gross beta activity in 
Minnesota surface waters show a variation of 
concentrations, with no readily apparent trends. 
Variations in precipitation and flow rates of 
streams could contribute to this fluctuation. 
Monthly averages of gross beta radioactivity 
in Minnesota raw surface waters ranged from 7 
to 51 pCi/liter, which is well below the Public 
Health Service Drinking Water Standard of 
1,000 pCi/liter in the known absence of alpha 
emitters and strontium-90 (1). Treated water 
in most cases contained less beta activity than 
the corresponding raw water. 


REFERENCE 


(1) PUBLIC HEALTH SERVICE. Drinking water 
standards, Revised 1962, PHS Publication No. 956. 
Superintendent of Documents, U.S. Government 
ian) Office, Washington, D.C. 20402 (March 


Table 1. Total beta concentrations in Minnesota raw and treated water 
supplies, July-December 1965 





Town and water source 


Average concentrations, pCi/liter 
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Type of water | July | Aug | Sept | Oct | Nov | Dec 
——|-——}---— --— —-—— SN as 
Crookston, Red Lake River_.............--.------ Raw / 35| NS 38 26 28 13 
Treated i; 33 NS 7 7 26 36 
East Grand Forks, Red Lake River.............--- Raw 27 12 24 24 34 31 
Treated 20 12 y 18 15 10 
res Sy SENT EE AUN i on dw enckesusééuccsucess Raw 15 18 7 24 21 22 
Treated 17 | 17 16 23 19 18 
OR, TH ack a out ccbisiwodeccscccccuce Raw 18 18 15 19 19 11 
Treated 7 rt) 7 9 7 ll 
Hallock, Two Rivers, South Fork_.............-.-- Raw 51 40 38 | 39 32 33 
Treated 15 17 13 14 7 ll 
International Falls, Rainy River... ..........-....- Raw 7 NS NS | 17 NS 7 
Treated 25 NS NS 18 NS 12 
nD SE Rn ecu ekcddcmewessvose ka Treated 12 11 7 | 18 0) 14 
St. Cloud, Mississippi River -- - -- i PT A ...| Raw 7| NS 7| 28] NS 18 
Treated 7 NS 18 | 14 NS 12 
St. Paul, Vadnais Chain of Lakes__._._..........-- Raw 19 14 22 24 21 18 
Treated ll 7 15 19 10 10 




















NS, no samples collected. 


Previous coverage in Radiological Health Data and 








Reports: 
Period Issue 
August 1959-April 1962 August 1962 


April 1962—November 1962 April 1963 


December 1962-—June 1963 


July-December 1963 
January—June 1964 
July-December 1964 
January—June 1965 


November 1963 
June 1964 
January 1965 
August 1965 
February 1966 
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Section III. Air and Deposition 


RADIOACTIVITY IN AIRBORNE PARTICULATES AND PRECIPITATION 


Continuous surveillance of radioactivity in 
air and precipitation provides one of the 
earliest indications of changes in environmental 
fission product activity arising through air 
intrusions such as weapons testing fallout. To 
date this surveillance has been confined chiefly 
to gross beta analysis. Although such data are 
insufficient to assess total human radiation 
exposure from fallout, they can be used for 
determining when to modify monitoring in 
other phases of the environment. 

Surveillance data from a number of pro- 
grams are published monthly and summarized 
periodically to show current and long-range 


Network 
Mexican Air Monitoring Program 
National Air Sampling Network 


HASL Fallout Network 


Period reported 


trends of atmospheric radioactivity in the 
Western Hemisphere. These include data from 
activities of the U.S. Public Health Service, the 
Canadian Department of National Health and 
Welfare, the Mexican Commission of Nuclear 
Energy, and the Pan American Health Organi- 
zation. 

An intercomparison of the above networks 
was performed by Lockhart and Patterson (1) 
in 1962. In addition to those presented in this 
issue, the following programs were previously 
covered in Radiological Health Data and 
Reports: 


Last presented 








December 1965 April 1966 
October—December and 

annual summary 1965 April 1966 
January—June 1965 May 1966 


July 1966 
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1. Radiation Surveillance Network 
March 1966 


Division of Radiological Health 
Public Health Service 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radiation 
Surveillance Network (RSN) which regularly 
gathers samples from 74 stations distributed 
throughout the country (figure 1). Most of the 
stations are operated by State health depart- 
ment personnel. 

Daily samples of airborne particulates and 
precipitation are forwarded to the Radiation 
Surveillance Network Laboratory in Rockville, 
Maryland, for laboratory analysis. The alerting 
function of the network is provided by routine 





field estimates of the gross beta activity made 
by the station operators prior to submission of 
the samples. When high air levels are reported, 
appropriate officials are promptly notified. 
Compilation of field estimates and laboratory 
confirmations are reported elsewhere on a 
monthly basis (2). A detailed description of 
the sampling and analysis procedures was 
presented in the December 1965 issue of 
Radiological Health Data. 

Table 1 presents the monthly average gross 
beta activity in surface air and deposition by 
precipitation during March 1966. Time pro- 
files of gross beta in air dating back to 1958 
for eight RSN stations are shown in figure 2. 
Gamma spectroscopy analysis was performed 
on air samples. Traces of longer-lived fresh 
fission products were identified in most of these. 





Stations Not Shown 
@ Agana, Guam 
@ Honolulu, Hawaii 
@ San Juan, Puerto Rico 
@ Ancon, Canal Zone 











@ SAMPLING STATIONS 


Rockville 
~Washington, D.C. 


Point Barrow 
tin 
! 
' i 
s @ Anchorage 
. St. Paul Island L 
X * 


s 
oA 
ee. 


"oo 








Figure 1. Radiation Surveillance Network sampling stations 
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Table 1. Gross beta activity in surface air and precipitation, March 1966 

































































Air surveillance Precipitation 
| 
Station location Number of Gross beta activity, pCi/m* Last 
samples | profile you 4 Total 
| Ics i i cS slic in epth leposition 
} | RHD&R (mm) (nCi/m?) * 
Air | Pptn Maximum Minimum | Average * 
| 

i SERSEEE SNS sevac(a eae 31 | 4 | 0.23 <0.10 <0.13 | Feb 66 88 <18 
BR” Backs cn cate gghscenmescccacases 30 | NS 0.24 <0.10 <0.11 | Jun 66 

rey ty at k= SE Ri ne <0.10 <0.10 <0.10 ja bo 2 <1 

DU Gs os 5058s cbs cbicnbscesudsss 8 NS] u 

POO... « ucancenscstecccssscudscesé 9 2 <0.10 <0.10 <0.10 | Apr 66 3 ‘ <1 

Dc sebosscatknsed 6iRsacbesonsaees | 21 15 <0.10 <0.10 <0.10 | May 66 224 <45 

heme dh tbbedbdienosndeobsecauesenaueh | ne ue | 0.12 0.12 0.12 on 4 

DE ReSecodvsvdvsdaceucansnesiseses 8 8 ec 

OO ES 31 NS <0.10 <0.10 <0.10 | Nov 65 

SW NS 6 doc caacccsscbecesesces 31 8 0.11 <0.10 <0.10 | Jan 66 
Ariz: | Pe +e ns He 31 NS 0. <0.10 <0.14 | May 66 
Ark: PPE a6 hcktectacanswios vont ves 20 1 0.20 <0.10 <0.12 | Mar 66 7 <1 
Calif: Pt ccssbecubasaébateoosstscceans 23 2 0.46 <0.10 <0.16 | May 66 14 <3 

I Ee 22 1 0.37 <0.10 <0.15 | Dec 65 11 <2 
C.Z: Ancon BENT ESS EN CHS OF 19 NS <0.10 <0.10 <0.10 | May 66 
Colo: SEES SRE MGT LS FET 30 NS | 0.25 <0.10 <0.14 | May 66 
Conn: DLA: cy ehbendebe<cotestscabssbane 31 10 0.13 <0.10 <0.10 | Apr 66 73 <15 
Del: Ea ee | 22 NS 0.15 <0.10 <0.10 | Feb 66 
D.C: SNS Se eee 29 | 7 0.16 <0.10 <0.11 | Nov 65 54 <11 
Fla: eae 31 | 6 0.17 <0.10 <0.12 | Mar 66 88 <18 

RG ddvbnnbihsnaeWhenes ateckundnedes | 31 | 5 0.24 <0.10 <0.14 | Apr 66 95 <19 
Ga: GR AES RR ATER! HT 31 | 5 0.20 <0.10 <0.12 | Jan 66 138 <28 
Rei CRE ak, ad les huadcundesbink setae’ 31 | NS <0.10 <0.10 <0.10 | Feb 66 
| ERR ERROR TE: SRS are: | 31 | 1 0.13 <0.10 <0.10 | Jul 66 6 <1 
SE as SO ee 29 | 6 0.16 <0.10 | <0.11 | Jul 66 21 <4 
Ill: PL. decncshtnchisabaesasaeeehinu 27 3 0.17 <0.10 <0.11 | Nov 65 29 <6 
Ind: I oS ee gna tat. ae ee 30 | 7 0.18 <0.10 | <0.11 | Jan 66 36 <7 
SAS RRR ek eee gi 31 | 4 | 0.15 <0.10 | <0.11 | May 66 54 <il 
Kans: “aaa chakdnddatinsehites | 31 | NS | 0.16 <0.10 | <0.11 | Mar 66 
Ky: Frankfort konwbewetesschasadaeienst | 30 | 4 0.22 <0.10 <0.13 | Nov 65 30 <6 
La: EE ER ee a 31 | 6 | 0.20 <0.10 | <0.12 | Nov 65 <17 
RE I ccc cecedhcunushace Sea 31 | 12 | 0.12 <0.10 | <0.10 | Dec 65 119 <24 

i c<cuntbinasbinconbee 23 NS 0.13 <0.10 | <0.10 | May 66 
Md: PE... cscgudpabateswesebnn dus mga 22 5 0.19 <0.10 <0.12 | Apr 66 28 <6 

I ES ee ee ar 19 NS 0.15 20.10 <0.11 | Jul 66 
Mass: EEE LT LEGIT LE LEE IP 31 x 0.24 <0.10 <0.12 | Feb 66 52 <10 

TS .. <..vunnadugeanmenaunaabad | 27 | s 0.15 <0.10 <0.10 | Jun 66 47 <10 
Mich: i kd aCe ew hiein ween | 31 | 5 | 0.22 | <0.10 <0.12 | Jul 66 31 <6 
Minn: Minneapolis OEE: EE LTE HOLS SK | 22 3 0.14 <0.10 <0.10 | Feb 66 26 <5 
RP  egemepeappenneeeten rrr ods: 28 | 2 0.16 | <0.10 <0.11 | Dee 65 15 <3 
Mo: NN a 31 | 6 | 0.18 | <0.10 <0.11 | Jan 66 36 <7 
Mont: DNR 0 ci wc tbe aaemipnine aban | 30 4 | 0.21 <0.10 <0.13 | Jun 66 | 12 <2 
Nebr: cnnntddscutubusnck il eebaeee | 21 | 1 0.13 <0.10 <0.10 | Jan 66 72 <15 
Nev Las Vegas.__....___- | 28 NS | 0.27 | <0.10 <0.15 | Apr 66 
N.H En < denane tne cohenithicndun 22 NS 0.20 <0.10 <0.11 | Nov 65 
‘ IR oi cagpetacave cbs 31 | 2 0.17 <0.10 <0.11 | Dee 65 12 <3 
te | ae) eee Ginn weal 26 | ; 0.20 <0.10 <0.12 | Jun 66 4 <2 

pS SF ECR 21 | 0.15 <0.10 <0.10 | Jan 66 86 <17 

EE a ee eee . 31 PS] 0.13 <0.10 <0.10 | May 66 

Pn dk vasckdccapsabiessanesobes 31 0.13 | <0.10 <0.10 | Jun 66 
N.C: CO Se ee ee 29 4 0.2! | <0.10 <0.13 | May 66 72 <14 
N. Dak Bismarck---------- AG eA 2. N3 | 0.13 <0.10 <0.10 | Nov 65 
Ohio: ON te RS ET ee abelian 20 NS <0.10 <0.10 <0.10 | Feb 66 

Columbus - Sp téawetminébbacedkeeaes 31 i. 0.29 <0.10 <0.16 | Dee 65 29 <6 

kta. pcccondhboseoe 29 | 11 0.17 <0.10 <0.12 | Apr 66 73 <15 
Okla: Oklahoma City --- - - - -- cal Gaes cbedl 30 | 1 0.13 | <0.10 <0.10 | Jul 66 16 <3 

PURER th arencecctcank 29 | N <0.10 | <0.10 <0.10 | Apr 66 
Ore: 3 ae ; ae | 31 1S } 0.35 | <0.10 <0.15 | Jan 66 100 <20 
Pa: ee, ER | 30 | 2 0.14 <0.10 <0.10 | Jan 66 51 <10 
P.R: San Juan. _..._- thintbisenenmaee | 27 0.20 <0.10 <0.11 | Dec 65 114 <23 
R.I: ee cn andnasebcean wel | 27 0.15 <0.10 <0.10 | Jul 66 5% <10 
8.C: MEG ohn Ah an ssunnecdnnd—ubonaiind | 30 0.16 <0.10 | <0.12 | Jun 66 | 69 <l4 
i. Bete Bie Ss cutends stdin ’ 29 | 0.17 <0.10 | <0.11 | May 66 10 3 
Tenn: OS eS a ee a 30 ) 0.19 <0.10 | <0.11 | Jul 66 29 <6 
Tex: pS ESS OTE a ee eee oar 30 5 0.22 <0.10 | <0.12 | Feb 66 16 <3 

El Paso_- ik eee . —_ 3c 0.23 <0.10 <0.13 | Nov 65 
Utah: Salt Lake City x ST E= ool 3Y d 0.30 | <0.10 <0.13 | Dee 65 25 <5 
Vt: ae : 9 0.18 <0.10 <0.11 | Mar 66 55 <i1l 
Va: Richmond MAE ' 0.29 <0.10 <0.11 | Mar 66 50 <10 
Wash: Seattle___- 0.13 <0.10 | <0.10 | Mar 66 81 <16 

Spokane. * o 0.22 <0.10 <0.12 | Feb 66 35 <7 
W. Va: Charleston ; 6 | 0.17 <0.10 | <0.11 | Jun 66 4 <8 
Wis: Madison 7 | 0.15 <0.10 <0.10 | Mar 66 56 <i 
Wyo: Cheyenne NS | 0.24 <0.10 | <0.14 | Apr 66 
Network summary iéesen 974 | 283 0.46 <0.10 o| <0.11 50 <10 





* The monthly average is caic culated by weighting the individual samples with length of sampling period. Values of <0.10 are assumed to be 0.10 for 
averaging purpo.es. If the < values represcat more than 10 percent of the average, a less-than sign is placed before the average. 
NS, no air © pr° ‘ipication sample collected 
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Figure 2. Monthly and yearly profiles of beta activity in air—Radiation Surveillance 


Network, 1960—March 1966 
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2. Canadian Air and Precipitation Monitoring 
Program, March 1966' 


Radiation Protection Division 
Department of National Health and 
Welfare, Ottawa, Canada 


The Radiation Protection Division of the 
Canadian Department of National Health and 
Welfare monitors surface air and precipitation 
in connection with its Radioactive Fallout 
Study Program. Twenty-four collection stations 
are located at airports (figure 3), where the 
sampling equipment is operated by personnel 
from the Meteorological Services Branch of 
the Department of Transport. Detailed discus- 
sions of the sampling procedures, methods of 
analysis, and interpretation of results of the 
radioactive fallout program are contained in 
reports of the Department of National Health 
and Welfare (3-7). 

A summary of the sampling procedures and 
methods of analysis was presented in the 
December 1965 issue of Radiological. Health 
Data. 





Prepared from information and data in the April 
1966 monthly report “Data from Radiation Protection 
Programs.” Canadian Department of National Health 
and Welfare, Ottawa, Canada. 








Surface air and precipitation data for March 
1966 are presented in table 2. 


Table 2. Canadian gross beta activity in surface air 
and precipitation, March 1966 





























Air surveillance Precipitation 

measurements 

Station Activity, pCi/m!* Average| Total 
Number = jleposi- 

o! ; ‘ tration; tion 

samples} Maxi- | Mini- |Average (pCi/ | (nCi/ 

mum | mum liter) |~ m?) 

CN cise dua cdc 31 0.2 0.0 0.1 180 0. 
Coral Harbour------- 31 0.2 0.0 0.1 69 0:9 
Edmonton-___--_----- 31 0.2 0.0 0.1 73 0.7 
Ft. Churchill ______-_- 31 0.2 0.1 0.1 23 0.6 
31 0.2 0.0 0.1 65 3.7 
31 0.2 0.0 0.1 28 1.9 
31 0.2 0.0 0.1 17 0.5 
31 0.2 0.0 0.1 30 3.5 
31 0.2 0.1 0.1 NS NS 
31 0.2 0.0 0.1 20 1.5 
31 0.2 0.0 0.1 16 1.4 
31 0.2 0.0 0.1 21 1.5 
wobec... .........- 31 0.1 0.0 0.1 23 2.9 
_ _ _ eer 31 0.2 0.0 0.1 139 1.0 
Resolute___........- 31 0.2 0.0 0.1 NS NS 
St. John’s, Nfid____-- 31 0.2 0.0 0.1 16 1.8 
Saskatoon___.___.--- 30 0.2 0.0 0.1 53 0.7 
Sault Ste. Marie----- 30 0.2 0.0 0.1 38 3.2 
y. =eeeRgeee 31 0.2 0.0 0.1 68 3.9 
Vancouver ----......- 31 0.2 0.0 0.1 28 2.6 
Whitehorse __-__..-.. 31 0.2 0.0 0.1 57 0.7 
Windso: e 31 0.2 0.1 0.1 53 3.3 
innipeg 31 0.2 0.0 0.1 23 0.9 
Yellowknife 31 0.2 0.1 0.1 27 0.5 
Network summary - -- 0.2 0.0 0.1 49 1.8 














NS, no sample collected 
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- Figure 3. Canadian air and precipitation sampling stations 


July 1966 





3. Pan American Air Sampling Program 
March 1966 


Pan American Health Organization 
and U.S. Public Health Service 


Gross beta activity in air is monitored by 
countries in the Americas, under the auspices 
of the collaborative program developed by the 
Pan American Health Organization (PAHO) 
and the U.S. Public Health Service (PHS) to 
assist PAHO-member countries in developing 
radiological health programs. The sampling 
equipment and analytical services are provided 
by the Division of Radiological Health, PHS, 
and are identical with those employed for the 





Radiation Surveillance Network. The air sam- 

pling station locations are shown in figure 4. 
The March 1966 air-monitoring results from 

the participating countries are given in table 3. 


Table 3. PAHO gross beta activity in surface air and 
precipitation, March 1966 




















Number | Gross beta activity, pCi/m* 
Station location of 
samples 
Maximum) Minimum| Average * 
Argentina: Buenos Aires _-_- 13 <0.10 <0.10 <0.10 
Chile: Santiago---_-_____----- 28 <0.10 <0.10 <0.10 
Jamaica: Kingston_________- 24 0.12 <0.10 <0.10 
Peru: Lima_-_-______- 25 <0.10 <0.10 <0.10 
Venezuela: Caracas 21 0.13 <0.10 <0.10 
West Indies: Trinidad _ - _ _--- 21 0.11 <0.10 <0.10 
Pan American summary -----_- 132 0.13 <0.10 <0.10 




















* The monthly average is calculated by weighting the individual samples 
with length of sampling period. Values of <0.10 are assumed to .10 
for averaging purposes. If the < values represent more than 10 percent of 
the average, a less-than sign is placed before the average. 
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Figure 4. Pan American Air Network sampling stations 
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4. National Air Sampling Network 
January-March 1966 


Division of Air Pollution 
Public Health Service 


The necessity of having basic data on the 
nature and extent of air pollution throughout 
the United States led to the organization of 
the National Air Sampling Network (NASN) 
in 1953. One of the many analyses performed 
by the NASN on their air samples is for gross 
beta radioactivity. NASN stations (figure 5) 
are manned by cooperating Federal, State, and 
local agencies. The network consists of 110 
sampling stations which operate every year 
and 130 stations which operate every other 
year. A description of the sampling network 
was presented in the December 1965 issue of 
Radiological Health Data. First quarter 1966 
gross beta activities in air are given in table 4. 


Previous coverage in Radiological Health Data and 
Reports: 


Period Issue 
October-December and 

annual summary 1964 April 1965 
January—March 1965 July 1965 
April—June 1965 October 1965 


July-September 1965 
October-December and 
annual summary 1965 


January 1966 
April 1966 
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Table 4. NASN fission product gross beta activity in surface air, January-March 1966 




































Concentration, pCi/m!* Concentration, pCi/m!* 
Number Number 
Station name of Station name of 
samples | Maxi- Mini- | Average samples | Maxi- Mini- | Average 
mum mum mum mum 
Ala: Birmingham - -- 6 0.3 0.1 0.2 || Nev: ae 6 0.2 0.1 0.2 
Gadsden. - - --- 6 0.3 <0.1 0.1 White Pine County *- - _- 5 0.1 0.1 0.1 
Mobile... - - - . 6 0.2 0.1 0.2 || N.H | See eee 6 0.2 <0.1 0.1 
Alaska: Anchorage 5 0.2 <0.1 0.1 Coos County *__...----- 6 0.2 <0.1 0.1 
Ariz: Grand Canyon Park *__.- 6 0.2 <0.1 0.1 || NJ: RR STS 6 0.1 0.1 0.1 
Paradise Valley ._....-..- 6 0.2 0.1 0.2 RE 5 0.2 0.1 0.1 
ib. ldudan daotbads. 6 0.3 0.1 0.2 NS eee 6 0.1 0.1 0.1 
ass cum ohobivet 6 0.2 0.1 0.2 a ee 5 0.2 0.1 0.1 
Ark: TS OOSRRER 6 0.2 0.1 0.1 i STN 6 0.2 <0.1 0.1 
prontgomery County *- 6 0.2 0.1 0.1 Perth Amboy--..-.------- 5 0.1 0.1 0.1 
"See 5 0.2 0.1 0.2 NE cid ab ebbeet od 6 0.2 <0.1 0.1 
West Memphis_---_..-..-- 7 0.2 0.1 0.2 || N. Mex: Albuquerque------..----- 6 0.3 0.1 0.2 
Calif: Pika. wanaesdmesis 6 0.3 0.1 0.2 Rio Arriba Co.*___-_---- 6 0.3 0.1 0.2 
Humboldt County *- - - -- 6 0.1 <0.1 0.1 || N.Y: Cape Vincent *.__.._.--- 5 0.1 0.1 0.1 
NG & notin kiko e 6 0.3 0.1 0.2 New York City.-....--.. 5 0.1 <0.1 0.1 
ERE 6 0.4 0.1 0.2 || N.C: Sada gad acece 6 0.3 <0.1 0.1 
ee eae 6 0.2 0.1 0.1 Cape Hatteras *_____---- 6 0.1 <0.1 0.0 
ie in bath os wee 5 0.1 <0.1 0.1 || Ohio: DENT s bnkectenncce 6 0.3 <0.1 0.2 
San Francisco-----.---.- 6 0.1 <0.1 0.1 Ae 5 0.3 0.2 | 0.2 
Colo: PET bakedavhiebes ace 6 0.3 0.1 0.2 ic cmcanthptsane 6 0.2 <0.1 0.1 
Montezuma County *-.-- 6 0.4 0.1 0.2 SR. o0 kivciebareuk 6 0.3 0.1 0.2 
Conn: nd tude ne Gea « 6 6 0.2 <0.1 0.1 i. c dasahakten’ 6 0.2 0.1 0.1 
New Haven. --.-......-- 6 0.2 <0.1 0.1 iis cccniacanne 6 0.2 <0.1 0.1 
Del Kent County *._.__..... 6 0.2 0.1 0.1 Youngstown.._....__..- 6 0.2 0.1 0.1 
A 6 0.2 0.1 0.1 |) Okla: Cherokee County *- ----- 6 0.2 0.1 0.2 
Wilmington.__........-- 6 0.2 0.1 0.1 Oklahoma City - -------- 6 0.2 0.1 0.2 
D.C: Weenremtem. ........... 6 0.1 0.1 0.1 _ | ee aa 6 0.4 0.2 0.2 
Ga: |” ESE ES Se 5 0.3 0.1 0.2 || Ore: Curry County ®_._....-- 6 0.2 0.1 0.1 
Hawaii: Honolulu_...........--- 6 0.1 0.1 0.1 ths o niet s céens 6 0.1 <0.1 0.1 
daho siti nina bhe eed eon, 6 0.2 0.1 0.2 || Pa: Clarion County *-_.-_---- 5 0.2 0.1 0.1 
Butte County *_____.__- 6 0.2 0.1 0.1 CR ini cinuawbeue 6 0.2 0.1 0.1 
Ill ie ba eiieeek won 6 0.2 0.1 0.1 Philadelphia. -_-_.......-- 6 0.1 0.1 0.1 
Ind: East Chicago. .-......-- 6 0.2 0.1 0.1 Sc cint Wkketne 6 0.2 0.1 0.1 
SS EEE 6 0.1 0.1 0.1 AEE 5 0.4 0.1 0.2 
Indianapolis--_-__.....--- 6 0.2 0.1 0.2 Warmineter............- 5 0.1 <0.1 0.1 
N. Monroe St. Forest *_ -- 5 0.2 0.1 0.1 West Chester........... 5 0.2 0.1 0.1 
Cite eetcéausces 5 0.3 0.1 0.2 | P.R: SS 6 0.2 <0.1 0.1 
New Albany ..........-- 6 0.3 0.1 0.2 i (ws SE 6 0.2 <0.1 0.1 
Parke County ®__......- 6 0.2 0.1 0.1 oe ech diincinwld ieee 6 0.2 <0.1 0.1 
South Bend............- 5 0.2 0.1 0.1 0 i os desta shecetahl 6 0.2 <0.1 0.1 
“ee 5 0.3 0.1 0.2 I Ue ae 6 0.3 0.1 0.1 
Towa: Cie nennuie «és 6 0.2 0.1 0.2 Washington County *_--- 6 0.2 <0.1 0.1 
Delaware County *_...-.- 6 0.2 0.1 0.1 || S.C: Re ai igh ETRE, 6 0.2 0.1 0.2 
Oy NSS 6 0.2 0.1 0.2 ESTES 6 0.2 0.1 0.2 
aR 6 0.2 0.1 0.1 Richland County *--_-.- 6 0.2 0.1 0.2 
Kans eeees Gity...........- 6 0.2 0.1 0.1 || 8. Dak: Black Hills Forest *_____- 6 0.2 0.1 0.1 
Eg 6 0.2 0.1 0.2 DER anecaconsces 6 0.2 0.0 0.1 
Ky: a un cba wacbe od 5 0.2 0.1 0.1 || Tenn: Chattanooga-_-_--_---..--.- 5 0.2 0.1 0.2 
Covington........... 6 0.2 0.1 0.2 EO ststyo-cen ocotiniet 6 0.2 0.1 0.1 
Louisville.._..._. 5 0.1 0.1 0.1 Re 6 0.2 0.0 0.1 
La: 6 0.3 0.1 0.2 || Tex D: 6 0.2 0.1 0.1 
Maine: 6 0.2 <0.1 0.1 6 0.2 <0.1 0.1 
4 0.1 <0.1 0.1 5 0.2 0.1 0.1 
Md: Baltimore. - .-- 6 0.1 0.1 0.1 5 0.2 0.1 0.1 
Calvert County 6 0.1 <0.1 0.1 || Utah: 6 0.2 0.1 0.1 
Mich: Detroit - - . - 6 0.2 <0.1 0.1 5 0.2 0.1 0.1 
Minn: Duluth __._- 6 0.2 0.1 0.2 || Vt: 6 0.2 <0.1 0.1 
Minneapolis 6 0.2 0.1 0.1 6 0.1 <0.1 0.1 
Moorh ives 6 0.2 0.1 0.1 || Va: 6 0.2 0.1 0.1 
St. Paul 6 0.2 0.1 0.1 6 0.1 <0.1 0.1 
Miss: Jackson. -... 6 0.3 <0.1 0.2 6 0.3 0.1 0.2 
Jackson County 6 0.2 <0.1 0.1 || Wash: 6 0.2 0.1 0.1 
Mo: Kansas City... 5 0.2 0.1 0.1) W. Va: 5 0.2 0.1 0.2 
St. Louis_----- 5 0.2 0.1 0.1 || Wis: Door County 6 0.2 0.1 0.1 
Shannon County * 6 0.2 0.1 0.2 Milwaukee - - - - 5 0.1 0.1 0.1 
Mont: Glacier Nat'l Park * 6 0.2 <0.1 0.1 || Wyo: is fain in ctcienignd 6 0.2 <0.1 0.1 
Pccisndectideetnesa 6 0.2 0.1 0.1 Yellowstone Nat’! Park *- 5 0.2 0.1 0.1 
Nebr: ss "ore 5 0.2 0.1 0.1 
Thomas County *-_-....- 6 0.3 0.1 0.2 



































* Denotes nonurban station. 


(4) BIRD, P. M., A. H. BOOTH, and P. G. MAR. 
Annual report for 1960 on the Radioactive Fallout 
Study Program, CNHW-RP-4. Department of Na- 
tional Health and Welfare, Ottawa, Canada (Decem- 
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Section IV. 


This section presents results from routine 
sampling of biological materials and other 
media not reported in the previous sections. 


Other Data 


Included are such data as those obtained from 
human bone sampling, bovine thyroid sam- 
pling, and environmental monitoring reports. 


ENVIRONMENTAL LEVELS OF RADIOACTIVITY AT 
ATOMIC ENERGY COMMISSION INSTALLATIONS 


The U.S. Atomic Energy Commission re- 
ceives from its contractors semiannual reports 
on the environmental levels of radioactivity in 
the vicinity of major Commission installations.’ 
The reports include data from routine monitor- 
ing programs where operations are of such a 
nature that plant environmental surveys are 
required. 

Releases of radioactive materials from AEC 
installations are governed by radiation stand- 





* Copies of these reports are available from the Divi- 
sion of Public Information, Atomic Energy Commission, 
Washington, D.C. 20545. 


ards set forth by AEC’s Division of Operational 
Safety in directives published in the “AEC 
Manual.’”” 

Summaries of the environmental radio- 
activity data follow for the Paducah Plant, the 
Portsmouth Area Gaseous Diffusion Plant, and 
the Shippingport Atomic Power Station. 


* Part 20, “Standards for Protection Against Radia- 
tion, AEC Rules and Regulations,” contains essentially 
the standards published in the “AEC Manual.” The 
AEC Rules and Regulations are available from the 
Superintendent of Documents, U.S. Government Print- 
ing Office, Washington, D.C. 20402, on a subscription 
basis at $3.50 for 3 years. 





1. Paducah Plant 
July-December and Calendar Year 1965* 


Union Carbide Nuclear Company 
Paducah, Kentucky 


The Paducah Plant is a Government-owned 
gaseous diffusion plant operated by the Nuclear 
Division of the Union Carbide Corporation for 
the Atomic Energy Commission. The diffusion 
plant processes large quantities of relatively 
pure uranium compounds. A former source of 
diffusion plant feed, the uranium hexafluoride 
manufacturing plant was placed on standby in 
June of 1964. Parts of the associated uranium 
metal foundry are operated infrequently as 





*Summarized from “Environmental Concentrations 
of Radioactive Materials Near the Paducah Plant Re- 
port for the Year and for the Second Half of 1965.” 


July 1966 


the need arises; otherwise, it is also on standby 
status. A decontamination and uranium 
iecovery facility operates to prepare equip- 
ment for repair and to recover impure or scrap 
uranium materials. Depleted uranium metal is 
fabricated into shields, weights, or ballasts, or 
other shapes on a nonroutine basis. The major 
sources of external penetrating radiation are 
the daughter products of uranium, thorium- 
234, and protactinium—234, which may be con- 
centrated by uranium recovery processes or 
by uranium hexafluoride vaporization. The ele- 
ment uranium can be a physiological hazard 
only if allowed to enter the body. The chemical 
toxicity of the uranium processed at the 
Paducah Plant overshadows any probable bio- 
logical effects of radiation from this element, 
thus making it comparable as a physiological 
hazard to lead, mercury, or other well-known 
heavy metals. 
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Because uranium is a rather expensive ele- 
ment, as much of it is recovered as is feasible. 
The added desire to maintain a wholesome 
relationship with neighboring communities and 
individuals makes it essential that entrained 
dust be filtered from exhaust systems, and that 
all effluent waters be maintained at extremely 
low concentrations of uranium. 

An environmental monitoring system checks 
the effectiveness of the confinement and 
recovery systems of the plant. The environ- 
mental monitoring program provides for 
continuous sampling of the air at four stations 
around the plant perimeter fence, and at five 
stations located approximately 1 mile outside 
this fence (figure 1). Air is filtered at 0.3 cubic 
feet per minute through 2-inch-diameter mem- 
brane filters which are replaced weekly and 
counted for alpha and beta activity. Big Bayou 
Creek water is sampled continuously, and grab 
samples are collected at five locations in the 
Ohio River. In addition, gamma radiation read- 
ings are taken each month at each of the air- 
sampling stations with a Geiger-Mueller type 
meter at a distance of 3 feet above ground level. 
Basic standards 

The standards observed at the Paducah Plant 
for exposure to radiation and radioactive mate- 
rials, both for the in-plant work environment 
of employees and for offsite exposure of the 


general population, are those listed in the AEC 
manual. 
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The standards specify that the radiation or 
radioactive materials outside a controlled area 
which have resulted from operations within 
the controlled area shall be such that it is im- 
probable that any individual may receive a 
dose of external radiation greater than 0.5 rem 
in any year and that the average exposure of 
a suitable population sample may not exceed 
one-third of this dose. To meet this standard, 
the average concentration of radioisotopes in 
air or water beyond a controlled area should 
not exceed one-tenth of the maximum permitted 
for occupational exposure of 168 hours per 
week. For the purposes of such control, the 
concentrations of such radionuclides in air or 
water may be averaged over periods of time 
up to 1 year. 


Discussion of data 


Data summarizing the environmental con- 
centrations of radioactive materials in air and 
water and the gamma radiation levels in the 
vicinity of the Paducah Gaseous Diffusion Plant 
are presented in tables 1 through 4. 

The average alpha counts—interpreted as 
uranium, the most likely source of activity—of 
the 234 air samples collected during the second 
half of 1965, and of the 468 air samples 
collected during calendar year 1965, were both 
1 percent of the concentration limit for people 
residing in the vicinity of a controlled area. 
The mean beta counts of the same samples were 








Figure 1. Sampling locations, Paducah Gaseous Diffusion Plant 


418 


Radiological Health Data and Reports 





ee 




















Table 1. Uranium concentrations in outdoor air samples 


Paducah Plant, 1965 




















Uranium alpha b Mean 
Number (pCi/m*) as per- 
Sample location * aly el kn ee __| cent of 
samples j concen- 
Maxi- | Mini- | Mean | tration 
mum | mum °¢ limit 4 
January-June, 1965 
At plant perimeter fence 
ikncakcsecesheahus 26 0.13 | <0.02 1 
PEGE ESR 26 0.16 | <0.02 0.02 1 
Dest. doscGekueseee 26 0.11 | <0.02 0.02 1 
I. dnwocuiieatyaouhie 26 0.08 | <0.02 2 1 
Pr wanwsdtocetceces 104 0.16 | <0.02 1 
About 1 mile outside plant 
perimeter fence 
EARS eS ey 26 0.05 | <0.02 0.02 1 
RE eee 26 0.07 | <0.02 0.02 1 
ESO TAI SET SESSA » 26 0.07 | <0.02 0.02 1 
SE 26 0.10 | <0.02 0.02 1 
DEEcancbacckstes 26 0.09 | <0.02 0.02 1 
en irahits tivad asinm dene 130 0.10 | <0.02 0.02 1 
July-December, 1965 
At plant perimeter fence 
RP ARETE 26 0.13 | <0.02 0.02 1 
PE bins2abectsboowa 26 0.38 | <0.02 0.03 1 
GERRI S ies: 26 0.10 | <0.02 0.02 1 
2 SSE rea ie nk 26 0.13 | <0.02 0.02 1 
0 EET. 104 0.38 | <0.02 0.02 1 
About 1 mile outside plant 
perimeter fence 
| AS 26 0.09 | <0.02 0.02 1 
ee eal ae 26 0.11 | <0.02 0.02 1 
RE eae 26 0.12 | <0.02 0.02 1 
EE SRT he GTR 26 0.08 | <0.02 0.02 1 
0 ERS, RE 26 0.08 | <0.03 0.02 1 
ss EET, SRI 130 0.12 | <0.02 0.02 1 
Calendar year, 1965 
At plant perimeter fence 
SE See 52 0.13 | <0.02 0.03 1 
i nchinenananadl 52 0.38 | <0.02 0.02 1 
SR od pewdidhebicunwds 52 0.11 | <0.02 0.02 1 
lsat, a: laiclen shady eral stay 52 0.13 | <0.02 0.02 1 
ee 208 0.38 | <0.02 0.02 1 
About 1 mile outside plant 
perimeter fence 
Sa 52 0.09 | <0.02 0.02 1 
i incomes eiahet hatdiadiliead 52 0.11 | <0.02 0.02 1 
REE | 52] 0.12 |<0.02| 0.02 1 
AR pinay 52 0.10 | <0.02 0.02 1 
SS ae 52 0.09 | <0.02 0.02 1 
ie RR GSA eT 260 0.12 | <0.02 0.02 1 





* See figure 1. 

» As defined in NBS Handbook 69, paragraph 3.2, a microcurie of recently 
extracted normal uranium corresponds to 7.57 x 10‘ alpha dis/sec. 

© The minimum detectable concentration of uranium in airis 0.02 pCi/m!*. 


4 The concentration limit for natural uranium in air released to the 
environs is 2 pCi/m‘. 


0.02 percent and 0.03 percent of the concentra- 
tion limit, respectively. Due to a clerical error 
at the Paducah Plant, certain values for the 
first half of 1965 were incorrectly reported in 
the January issue of Radiological Health and 
Reports. The correct values are reported in 
tables 1 and 2. 

The averages of uranium analyses of weekly 
water samples collected by a continuous water 
sampler in Big Bayou Creek for the second 
half of 1965 and the calendar year 1965, were 
both 0.05 percent of the concentration limit for 
water beyond a controlled area. The results of 
the uranium analyses for each of the 12 grab 


July 1966 


samples collected each month from the Ohio 
River below the plant were less than 0.01 per- 
cent of the concentration limit. 

The concentration of beta emitters in Big 
Bayou Creek averaged less than 0.5 percent of 
the concentration limit for the decay products 
of uranium—238 during the second half of 1965; 
the average for the year was 0.5 percent of the 
concentration limit. The beta activity of the 
Ohio River was at or below the minimum 
detectable level during the second half of 1965, 
and the results of all samples during the year 
averaged 0.5 percent of the concentration limit 
for uranium-238 decay products. 


Table 2. Beta concentrations in outdoor air samples 
Paducah Plant, 1965 




















Beta, pCi/m* Mean 
Number as per- 
Sample location * of _| cent of 
samples concen- 
Maxi- | Mini- | Mean | tration 
mum | mum > limit ¢ 
January-June 1965 
At plant perimeter fence 
OF REE REE ET 26 1.6 0.2 0.6 0.06 
IES 2 Zt. 26 1.0 0.1 0.4 0.04 
ee ae 26 0.8 0.1 0.4 0.04 
Se iiata on iudinspilignds unheeniaientae 26 1.0 <0.1 0.4 0.04 
Wav atan och udere oeae 104 1.6| <0.1 0.4 0.05 
About 1 mile outside plant 
perimeter fence 
el ee 26 1.1 0.15 0.4 0.04 
a are 26 0.9 0.11 0.4 0.04 
AE a ay 26 1.0 0.16 0.4 0.04 
, LORDS Oa 26 1.0 0.13 0.4 0.04 
PNR. .cncccachee 26 0.9 0.20 0.4 0.04 
Sivataneutsccuswn vi 130 1.1 0.11 0.4 0.04 
July—December 1965 
At plant perimeter fence 
Eh cat ota bh sintete nal 26 0.4 | <0.1 0.2 0.02 
OS RE TS Tae eee 26 1.2 | <0.1 0.2 0.02 
dc tcsntiedakkwee ce 26 0.4 | <0.1 0.1 0.01 
| ES aera 26 0.5 |<0.1 0.1 0.01 
Mince wine adnn wie 104 1.2 | <0.1 0.1 0.02 
About 1 mile outside plant 
perimeter fence 
2 RE RE a 26 0.6 | <0.1 0.2 0.02 
SSPE 26 0.5 | <0.1 0.2 0.02 
RE eehicksin dp aicctie tot ai 26 0.4 | <0.1 0.2 0.02 
|, PR RS 26 0.6 | <0.1 0.2 0.02 
Se a 26 0.6 | <0.1 0.2 0.02 
GREY INE 130 0.6 | <0.1 0.2 0.02 
Calendar year 1965 
At plant perimeter fence 
ES ea SPE: 52 1.6 | <0.1 0.4 0.04 
AE ee 52 1.2 | <0.1 0.3 0.03 
Saree 52 0.8 | <0.1 0.3 0.03 
| Ss 52 1.0 | <0.1 0.3 0.03 
pA ks 208 1.6 | <0.1 0.3 0.03 
About 1 mile outside plant 
perimeter fence 
0.3 0.03 
0.3 0.03 
0.3 0.03 
0.3 0.03 
0.3 0.03 
0.3 0.03 




















* See figure 1. 

> The minimum detectable amount of beta emitters in air is 0.1 pCi/m*. 

© The concentration limit applicable to this table is 1,000 pCi/m', which 
is the concentration limit of thorium-234, the daughter product of uranium- 


238. Insignificant amounts of other daughters are present in freshly 
refined uranium. 
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Table 3. Concentration of uranium in water, Paducah 
Plant, July-December 1965 and calendar year 1965 


























Uranium, pCi/liter > Mean 
Number as per- 
Sample location * of cent of 
samples | concen- 
Maxi- | Mini- | Mean | tration 
mum | mum ¢ limit ¢ 
} 
July-December 1965 
Big Bayou Creek 
1 & One 7 als TEMES ee 26 33 <i 10 0.05 
Ohio River 
lien Dh wi dare dam o cine 6 1 | <1 | <1 <0.01 
Composite of 50, 
Stee amd G8..2c....- 2... 6 es <1 | <0.01 
Calendar year 1965 | } 
Big Bayou Creek | 
cotears tere 52 33 <1 | 9| 0.05 
Ohio River | 
2 EFS Ee apeere 12 1) <1| <1| <0.01 
Cees of 50, | } 
8S a 12 | 2 | <1 


| <i <0.01 
* See figure 1} 


> As defined i in NBS Handbook 69, paragraph 3.2, a microcurie of recently 
extracted normal uranium corresponds to 7.57 x 10‘ dis/sec. 

¢ The minimum detectable uranium in water is 1 pCi/liter. 

4 The concentration limit for natural uranium in water beyond a con- 
trolled area is 20,000 pCi/liter. 


External gamma radiation in the vicinity of 
the Paducah Plant averaged 0.02 mR/hour at 
all sampling stations in 1965. 


Table 4. Concentration of beta emitters in water, 
Paducah Plant, July-December and calendar year 1965 





























Beta emitters Mean 
Number (pCi/liter) as per- 
Sample location * of cent of 
samples \ 
Maxi- | Mini- | Mean | tration 
mum | mum > limit ¢ 
July-December 1965 
Big Bayou Creek 
Did atinades cadsecctoge 26 100 | <100 | <100 <0.5 
Ohio River 
i Pinas ca connedu oo 6 100 | <100 | <100 <0.5 
Composite of 50, 
51, 52, and eae 6 700 | <100 200 1 
Calendar ye year 1965 
| Bayou Creek 
ie cadeade dy 4ehqir 52 | 2,200 <100 100 0.5 
Ohio River 
SE ES a 12 700 <100 100 0.5 
Gamba of 50, | 
Gl, 53, and &3.......... ---| 12 | 700 | <I 100 0.5 
* See Satin 1. 


> The minimum detectable amount of beta emitters in water 1s 100 pCi/ 
liter. 


¢ The concentration limit for the daughter products of uranium in water 
released to the environs in 20,000 pCi/liter. 


Previous coverage in Radiological Health Data and 
Reports: 


Period Issue 
January-June 1961 January 1962 
July-December 1961 August 1962 
1962 September 1963 
1963 July 1964 
January-June 1964 February 1965 
1964 July 1965 


January-June 1965 January 1966 
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2. Portsmouth Area Gaseous Diffusion Plant 
July-December 1965 ‘ 


Goodyear Atomic Corporation 
Piketon, Ohio 


The separation of uranium isotopes by 
gaseous diffusion process presents contro] prob- 
lems similar to any chemical process using 
toxic solvents and extraction solutions. Natural 
uranium and thorium—234 are the radionuclides 
most likely to be released to the environment 
by the Portsmouth Area Gaseous Diffusion 
Plant. Since natural uranium is an alpha 
emitter and thorium-—234 is a beta-gamma 
emitter, environmental monitoring is conducted 
for evidence of alpha and beta-gamma emitters 
to test the effectiveness of plant controls. 
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Figure 2. Air sampling locations, Portsmouth Area 
Gaseous Diffusion Plant 


Continuous air samples are collected monthly 
at 21 sites located from 1 to 6 miles from the 
plant as shown in figure 2. Monthly water 
samples are collected at 13 stations within 5 
miles of the plant. 


‘Data summarized from B. Kalmon: “Environmental 
Radiation Levels and Concentrations, Second Half and 


one) Summary 1965,” GAT 506 (February 18, 
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For the second half of 1965, both the air- 
borne alpha and the beta-gamma activity 
dropped significantly compared to the first half 
of 1965. The alpha airborne average for the 
second half of the calendar year dropped from 
16.1 percent to 9.7 percent of the concentration 
limit. The beta-gamma concentration was less 
than 0.01 percent, compared to 0.05 percent for 
the first half. 

During the last half of 1965, the average 
alpha concentration in the water effluents in- 
creased, while the beta-gamma activity de- 
creased. In July and August, higher than usual 
concentrations of radioactivity were detected 
in water at sample point 11. The highest indi- 
vidual results for alpha and beta-gamma were 
12 and 18 percent, respectively, of the concen- 
tration limit. Point 11 receives the direct dis- 
charge of an effluent holding pond prior to 
additional dilution and prior to leaving the 
plant boundaries. 

Annual background exposure rates continued 
to decline in 1965, decreasing from 48 percent 
to 22.8 percent of the permissible exposure 
limits in the past year. The second half of 1965 
was also lower than the first half of 1965. 
In the calculations it is assumed that all of the 
exposure rates are attributable to plant opera- 
tions. As in the past, the offsite and onsite 
patterns are very much alike in form and 
intensity, with no significant differences be- 
tween the average values. From the onsite and 
offsite intensities and the continuing decline in 
exposure rates which followed the moratorium 
in nuclear testing activities, it is evident that 
the plant operations have not added appreciably 
to the general background radiation. 

Average alpha and beta-gamma concentra- 
tions in air and water are summarized in table 
5. The external gamma levels, measured at the 
air-sampling locations shown in figure 2, are 
also summarized in table 5. The overall average 
concentrations and background exposure rates 
for July to December 1965 are presented in 
table 6, along with the values for the first half 
of 1965 and the calendar years 1964 and 1965. 


July 1966 


Table 5. Environmental radioactivity, Portsmouth Plant 
July-December 1965 




















Average 
Number as per- 
Type of monitoring of Maxi- | Mini- |Average| cent of 
samples} mum mum concen- 
tration 
limit * 
Air 
Alpha concentration 
pCi/m!?.. 89 0.9 <0.1 0.2 9.7 
Beta-gamma concentration , 
pCi/m'_- 89 0.9; <0.1 | <0.1} <0.01 
Water 
Alpha concentration 
pCi/liter_ 61\2,610 <0.5 90.4 0.45 
Beta-gamma concentration 
pCi/liter_- 62/1 ,035 <14.0 35.4 0.18 
External beta-gamma > 
mrad/hr-. 91 0.04 0.01 “7 24 


* The applicable concentration or exposure limits are as follows: 


Air (alpha) 
(beta-gamma) 1,000 pCi/m!' 
Water (alpha) 20,000 pCi/liter 
(beta-gamma) 20,000 pCi/liter 

External beta-gamma 500 mrad/yr Gogteinetaly 0.06 mrad/hr) 

> Measurements were made with open shield Geiger-Mueller tube 1 
foot above ground. The 3-foot rate (not shown) was experimentally 
determined to average two-thirds of the 1-foot rate and was used to deter- 
mine the percent of the concentration limit. 


Table 6. Comparison of average concentrations 
Portsmouth Plant 


Percent of concentration or 
exposure limit * 


Type of monitoring 1964 1965 
Calendar| First Second |Calendar 
year half half year 
Air 
Alpha concentration- ---.-- ~~. -- 5.0 16.1 9.7 13.8 
Beta-gamma concentration - - - - - 0.15 0.05 | <0.01 0.03 
Water 
Alpha concentration. ~~... ... 0.07 0.19 0.45 0.30 
Beta-gamma concentration - - - .- <0.07 0.49 0.18 0,32 
Overall background exposure ex- 
trapolated to 3 feet above ground 48 30 24 28 














* See fuotnote (*) of table 5. 


Previous coverage in Radiological Health Data and 
Reports: 
Period 
First and second quarters 1961 
Third and fourth quarters 1961 


Issue 


February 1962 
September 1962 








1962 May 1963 
1963 July 1964 
January—June 1964 February 1965 


1964 July 1965 
January—June 1965 January 1966 
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3. Shippingport Atomic Power Station 
July-December 1965° 


Duquesne Light Company 
Shippingport, Pennsylvania 


The Shippingport Atomic Power Station is 
operated for the Atomic Energy Commission 
by the Duquesne Light Company. The plant site 
is located near Shippingport, Pennsylvania, 
along the Ohio River about 25 miles northwest 
of Pittsburgh. 

The pressurized water reactor with core 1 
(“seed and blanket” design) achieved full 
power on December 23, 1957, and has operated 
continuously except for shutdowns which were 
necessary for maintenance and “seed” refuel- 
ing. In February 1964, the reactor was shut 
down for the replacement of core 1 with core 2, 
the decontamination of the primary system, 
and the commencement of other associated 
reactor plant modifications. The reactor 
remained shut down until April 1965, at which 
time operations were resumed. 

A monitoring program was begun 2 years 
before plant startup to determine the back- 
ground levels of radioactivity in the environ- 
ment. This program was continued after plant 
startup to ensure that radioactive waste dis- 
charges from normal plant operations do not 
cause significant changes in these levels in the 
plant environment. The present program of 
monitoring consists of measurements of radio- 
activity in air, fallout, and Ohio River water. 
Figure 3 shows the sampling locations. 


Liquid radioactive waste disposal 


The concentration limits for the discharge of 
radioactive wastes at Shippingport are based 
on a knowledge of the radionuclide mixture 
making up the waste and on the radiation pro- 
tection standards of Title 10, Code of Federal 
Regulations, Part 20, AEC Manual, Chapter 
0524; and Chapter 4, Article 433 of the Rules 
and Regulations, Commonwealth of Pennsy]l- 
vania Department of Health. The discharge 
of tritium, one of the less hazardous radio- 





5 Summarized from “Environmental Radioactivity at 
the Shippingport Atomic Power Station for the Second 
9 of 1965 and Calendar Year 1965,’’ PNRO-SMD- 


422 





nuclides, is controlled separately, based on its 
own limit. The liquid effluent from the plant 
radioactive waste disposal system is carefully 
monitored before, during, and after release to 
the Ohio River to ensure that the concentration 
limits recommended by the above regulations 
are not exceeded. 

The liquid radioactive wastes discharged 
during the second half of 1965 are summarized 
below. The monthly average concentrations of 
gross radioactivity shown in table 7 include 
normal background radioactivity and are cal- 
culated after total radioactive waste discharges 
are diluted in the condenser cooling water 
effluent channel. The maximum total discharge, 
exclusive of tritium, in 1 day during the second 
half of 1965, was 4.65 mCi. 


Table 7. Total radioactive waste, exclusive of tritium, 
discharged into the Ohio River during 1965 














Total Average Average con- 

Period discharge discharge centration 
(mCi) per day effluent channel 

(mCi) (pCi/liter) 
ieee ec 6.11 0.197 1.75 
EE a 4.09 0.132 1.07 
September ---....._..-- 4.15 0.138 1.00 
,  _—_si(‘éC NE RN 16.67 0.538 5.48 
November --__...-...- 16.83 0.561 5.52 
Sees 15.38 0.496 0.82 
Total second half - -___- 63.2 0.344 1.74 
Total first half__..____- 74.4 * 0.65 3.86 
WES WEE. op eccscncnn 138 0.50 2.48 

















Table 8 is a summary of the tritium that was 
discharged into the Ohio River, the monthly 
average concentration of tritium in the hold-up 
tanks prior to discharge, and the monthly aver- 
age concentration of waste in the effluent chan- 
nel after dilution with the condenser cooling 


Table 8. Tritium released to Ohio River during 1965 


























Average Average 
Total Average c tra- | c tra- 
Period discharge discharge tion in tion in 
(mCi) (mCi) holdup tank} effluent 
(pCi/liter) channel 
(pCi/liter) 
eee PE RR al 227 7.32 1,510,000 115 
OOS aaa 135 4.35 5,100,000 85 
September -_____-_--_- 190 6.34 1,690 ,000 195 
Ea 626 20.2 2,660,000 716 
November----_----- 867 28.9 3,380,000 420 
December. ----.---- 916 29.6 3,540,000 50 
Total second half-__- 2,961 16.1 2,840,000 115 
Total first half___.-- 81 0.447 520,000 10.9 
Total 1965__.....-- 3,042 8.34 1,680,000 88.8 
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Figure 3. Shippingport power station sampling locations 





water. The maximum tritium discharged in 
1 day during the second half of 1965 was 131 
mCi. Automatic samplers are installed at the 
station’s river water influent and effluent to 
collect river water samples continuously for 
comparative purposes. 

Since the effluent sampler was inoperative 
during this report period, daily grab samples 
were collected. Weekly composites of the daily 
grab samples and continuous samples were 
analyzed for gross beta and gross alpha radio- 
activities in the suspended and dissolved solids. 
The potassium—40 radioactivity in the total 
solids of these samples was also measured. No 
significant difference was observed between the 
average alpha, beta, and potassium—40 radio- 
activity in the upstream and downstream 
samples. The results of these analyses are 
shown in table 9. 


Atmospheric release of radioactive materials 


During the second half of 1965, a total of 
32.7 mCi of xenon-133 was released from 
Shippingport at concentrations less than the 
limit of 300,000 pCi/m*. The incinerator, which 
is used for burning contaminated, combustible 
waste, was not operated. 


July 1966 


Table 9. Gross radioactivity in the Ohio River during 1965 

















Concentration, pCi/liter 
Type of radioactive Upstream samples |Downstream samples 
material 
Max- | Min- | Aver-| Max-| Min- | Aver- 
imum |imum/| age |imum|imum/ age 
Alpha 
Second half 
juspended __. _...._..- 0.98 | 0.02 | 0.20 | 3.71 | 0.03 0.30 
S| Se. 5. 0.33 | 1.13 | 4.75 | 0.33 1.27 
ES TRE 5.48 .37 | 1.33 | 5.34 | 0.25 1.57 
SU meds.<ccce total. 1.78 1.56 
Calendar year. -_..- total. 1.56 1,57 
Beta 
Second half 
rr 23.5 | 0.63 | 4.16 |53. 0 7.66 
ergs 26.8 | 0.83 |10.18 |52.4 3.31 | 13.46 
WED dsaccceccgusatis 50.3 4.77 |14.34 |73. 21.12 
First balf......... total. . 18.77 19.02 
Calendar year-__----_total_- 16.56 20.07 
Potassium-40 
Second half-_------ total_./11.6 2.30 | 7.80 |11.3 2.10 7.80 
eae total _ - 3.75 4.10 
Calendar year-.-_-_- total 5.78 5.95 























Environmental monitoring 


Three area monitoring stations are normally 
used to collect fallout, to detect and record 
levels of external beta-gamma radiation, and 
to detect and record levels of airborne 
particulate radioactivity in the power station 
vicinity. Stations 1, 2, and 3 are located 150 
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yards southeast, 150 yards west, and one-half 
mile north-northwest of the reactor building, 
respectively. At the beginning of this 6-month 
period, the equipment used for monitoring the 


levels of external radiation and airborne 
particulate radioactivity at station 2 was taken 
out of service. The remaining two stations 
include a continuously moving paper tape air 
sampler with an end-window Geiger-Mueller 
detector and a recorder. Since the radioactivity 
is measured by the detector only one-half hour 
after its collection, naturally occurring radon 
and thoron daughters are also included. The 
data collected by the stations are checked and 
averaged weekly. The 6-month averages of 
these data from stations 1 and 3 are listed in 
table 10. 


Table 10. Airborne particulate radioactivity during 1965 


























Percent of Average concentration, pCi/m* 
Station number time not 
and period working 
Maximum | Minimum Average 

1 
Second half-__.__-.-_- 69 9.03 0.0785 2.12 
Pires WOM.........- 1.40 
Calendar year____--.- 1.76 

2 
Second half-_......- 100 
ee 2.52 
Calendar year-_--_---- 2.52 

3 
Second half___._-__- 0 7.85 0.0785 1.71 
 . ae 1.10 
Calendar year --- _-_- 1.40 


External beta-gamma radiation levels at 
each station are continuously measured and 
recorded by a Geiger-Mueller detector and a 
recorder. The data collected at each station are 
checked and averaged weekly. The results of 
these measurements, as shown in table 11, 





























Table 11. Beta-gamma background radiation levels 
during 1965 
! 
Percent of Radiation levels, mR/hr 
Station number time not 
and period working 
Maximum | Minimum Average 

1 
Second half_.......- 8 0.420 0.006 0.013 
TPE tscchcoseos 0.016 
Calendar year- - - --- 0.015 

2 
Second half_.......- 100 
oS ae 0.14 
Calendar year-_-_---- 0.14 

3 
Second half-------- 0 0.059 0.011 0.021 
OS ae 0.022 
Calendar year----.- 0.022 
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indicate that the radiation levels for stations 
1 and 3 were not significantly different from 
the averages for these stations for previous 
years. 

The radioactive fallout at each station was 
collected in pots over a 1-month period and 
analyzed for beta radioactivity. As shown in 
table 12, the 6-month averages for the stations 
did not differ significantly to indicate that any 
radioactivity was released by the power station. 


Table 12. Beta radioactivity in fallout during 1965 





Deposition rate, nCi/m?/month 
| 


Station number 

















and period | 
Maximum Minimum | Average 

1 
| RR a 7.16 1.79 4.28 
/ ” S ee 23.9 
Calendar year............... 14.9 

2 
| eer 6.78 2.55 4.21 
EES eS 20.8 
Calendar year............... 12.6 

3 
NE 6 as ncnesxusds due 7.60 3.89 4.40 
SE 19.9 
Calendar year............... 12.2 











Average for all stations—second half—4.28 nCi/m?/month. 


Summary 


During the second half of 1965, measure- 
ments of radioactivity were made in the Ohio 
River and the atmosphere in the vicinity of the 
Shippingport Atomic Power Station. The 
results of these measurements indicate that the 
radioactive material released by the power sta- 
tion into the air and into the Ohio River did 
not result in a significant change in the existing 
levels of radioactivity in the environment. 


Previous coverage in Radiological Health Data and 
Reports: 








Period Issue 
January—June 1961 April 1962 
July 1962—June 1963 March 1964 


July-December 1963 
Calendar Year 1964 
January-June 1965 


November 1964 
August 1965 
February 1966 
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Section V. Technical Notes 


REPORTED NUCLEAR DETONATIONS, JUNE 1966 


Five underground U.S. nuclear tests at the 
Nevada Test Site were announced by the 
Atomic Energy Commission during June 1966. 
The tests conducted on June 2 and 3 were of 
low-intermediate yield (force equivalent to 20- 
200 kilotons of TNT) ; tests conducted on June 
10 and 25 were of low yield (force equivalent 
of up to 20 kilotons of TNT) ; and the test con- 
ducted on June 30 was of intermediate yield 
(force equivalent to 200 kilotons to 1 megaton 
of TNT). 


July 1966 


The test of June 25 was part of the “Plow- 
share Program” to develop peaceful uses for 
nuclear explosives. This test was part of an 
experimental effort to develop a special nuclear 
device capable of producing in a nuclear explo- 
sion neutron-rich isotopes of the known trans- 
plutonium elements and, possibly, of new, 
heavier elements. 
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SYNOPSES 


Synopses of reports, incorporating a list of key words, are furnished 
below in reference card format for the convenience of readers who may 
wish to clip them for their files. 


TRITIUM IN SURFACE WATERS, 1964-1965. M. W. Chesnutt, J. C. 
Drobinski, Jr., and R. H. Gorrie (U.S. Public Health Service). Radio- 
logical Health Data and Reports, Vol. 7, July 1966, pp. 377-380. 
Concentrations of tritium in U.S. surface waters are reported for 
the period of May 1964 through December 1965. This is the initial re- 
port of a continuing surveillance program. The results show some dif- 
ferences in tritium concentrations in water samples from various parts 
of the country and as a function of time. The highest level observed 
(20.3 nCi/liter) is well below the occupational exposure guide (30 uCi/ 
liter) and the oy level requiring active surveillance (100 nCi/ 
nnd acca from the general guidance of the Federal Radiation 
ouncil. 
KEY WORDS: environment, exposure, guides, nuclear facilities, 
river systems, surface waters, tritium. 


STRONTIUM-90 IN 1965 UNITED STATES WHEAT. R. A. Anderson 
and V. F. Pfeifer (U.S. Department of Agriculture). Radiological 
Health Data and Reports, Vol. 7, July 1966, pp. 381-382. 

In continuing surveys of strontium-90 levels in wheat, USDA studies 
indicate the U.S. weighted average concentration to be 95 pCi/kg, which 
compared well with the Federal Radiation Council’s prediction for 1965 
(88 pCi/kg). The 1965 average also confirms the predicted continuing 
downward trend seen in 1963 and 1964 averages—220 and 133 pCi/kg, 
respectively. Samples used to develop the 1965 average represented 52 
percent of the U.S. wheat production; and individual strontium-90 con- 
centrations ranged from a low of 31 pCi/kg, in soft white winter wheat 
from Washington, to a high of 174 pCi/kg in hard red winter wheat 
from Kansas. It was noted that the 1965 trends of high and low concen- 
trations were similar to those of 1964. 

KEY WORDS: milled products, sampling, strontium-90, survey, 
United States, wheat. 


STRONTIUM-90 IN HUMAN BONE FROM INFANCY TO ADULT- 
HOOD, 1962-1963. G. W. Gaffney, R. M. Hallisey, M. S. Miller, and 
E. J. Baratta (Division of Radiological Health). Radiological Health 
Data and Reports, Vol. 7, July 1966, pp. 383-386. ~ 

Strontium-90 accumulation in the bones of children and adults 
through age 25 is analyzed by comparing the strontium-90 to calcium 
ratios found in specimens from selected age groups during the 1962-1963 
portion of a continuing program. The highest mean strontium-90 to 
calcium ratios were found in the 1- to 4-year olds, with the 1962 peak 
in the l-year olds (4.5 pci/e) and the 1963 peak in the 2-year olds 
(5.6 pCi/g). It is pointed out that the mean values for the group under 
1 year of age were relatively low (2.6 pCi/g in 1962; 1.8 pCi/g in 1963), 
but were obtained from a small number of samples. Average strontium-— 
90 to calcium ratios in bone of older groups declined with increasing 
age and were least in the 20- to 25-year-age group. The data for each 
age group, although limited, appear to follow a log normal distribution, 
and it is suggested that this distribution is more suitable than a normal 
distribution as a basis for calculating the proportion of a population 
group in which a given body burden is unlikely to be exceeded. 

KEY WORDS: adults, body burden, bone, children, human log nor- 
mal distribution, population, strontium-90/calcium ratio. 
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SYMBOLS, UNITS, AND EQUIVALENTS 








Symbols Units Equivalents 

PON + aca billion electron volts... ....... equals GeV 

2 FE eae GR. iis 5 otk nce cho Bethe 3.7 X10" dps 

A ae Ae centimeter(s)................. 0.394 inch 

Wh oa counts per minute 

dpm. -....- disintegrations per minute 

yl ae disintegrations per second 

OF ctsende electron volts................. 1.6X10-! ergs 

§--~<.:... gram(s) 

7 SESS giga electron volts. -.........- 1.6 10-5 ergs 

eS ae Rilowremaia) oi cca dateevh enn 1,000 g = 2.205 Ib 

Reale Fo square kilometer(s) 

kVp. .....| kilovolt peak 

eo cubic meter(s) 

WA. bias milliampere(s) 

mCi/mi?__| millicuries per square mile_...- 0.386 nCi per square 
meter (mCi/km?) 

MeV....-. million (mega) electron volts...) 1.6X10- ergs 

El milligram(s) 

atta: square mile(s) 

Reich milliliter(s) 

Gas. <0 millimeter(s) 

nCi/m?__..| nanocuries per square meter. ..|.2.59 mCi per square 
mile 

8 PS: picocurie(s) ...............--.- 10-” curie = 2.22 
dpm 

ae roentgen 

i ey unit of absorbed radiation dose_| 100 ergs per gram 











INTERNATIONAL NUMERICAL MULTIPLE AND 
SUBMULTIPLE PREFIXES 

















Multi 
a Prefixes Symbols Pronunciations 
submultiples 
ae ' it 
10 mega M f 
10 kilo k kil’ o 
103 hecto h hék’ to 
10 deka da d&k' a 
10-1 deci d és’ i 
10-2 centi c én’ ti 
1044 milli m mil’ i 
10-# micro M mi’ kre 
~ nano n nin’ ts) 
©o 
10-1 al P to 








U.S. DEPARTMENT OF 
HEALTH, EDUCATION, AND WELFARE 
PUBLIC HEALTH SERVICE 
WASHINGTON D.C. 20201 


OFFICIAL BUSINESS 





If you do not desire to continue receiving this publication, please CHECK HERE []; 
tear off this label and return it to the above address. Your name will then be 
promptly removed from the appropriate mailing list. 











Documents Section RH-5 
University of Rochester Library l-ah 
River Campus Station 

Rochester, NY. 14627 





